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**  On  the  Atomic  Weight  of  Glucinum  (Beryllium)."  Second 
Paper.  By  T.  S.  HuMPiDGE,  Ph.D.,  B.Sc,  Professor  of 
Chemistry  in  the  University  College  of  Wales,  Aberyst- 
wyth. Communicated  by  E.  Franeland,  F.R.S.  Received 
February  27, 1885.    Read  March  5. 

In  a  former  communication  which  I  had  the  honour  of  making  to 
the  Royal  Society,*  I  described  a  method  of  preparing  metallic 
glucinum  and  of  determining  its  specific  heat.  From  my  experiments 
1  deduced  the  result  that  the  atomic  weight  of  the  metal  must  be 
13*6  (circd)  in  order  to  agree  with  Dulong  and  Petit's  rule. 

It  is  well  known  that  the  position  assigned  to  glucinum  in  the 
P^odic  arrangement  of  the  elements  requires  an  atomic  weight  of 
two.thirds  the  above  number,  or  approximately  9,  and  that  with  the 
'ATger  atomic  weight  it  falls  between  carbon  and  nitrogen,  and  is 
entirely  out  of  place. 

Various  criticisms  were  offered  to  explain  this  apparently  anomalous 
fesnlt.      To  the   suggestion    of    Professor    J.    E.    Reynoldsf    that 
the  pure  metal  would  have  a  specific  heat  50  per  cent,  greater  than 
that  of  a  sample  containing  6  per  cent,  of  impurities,  I  have  already 
replied.^      Another    explanation    was    offered    by  Brauner,§   who 
thought  it  possible  that  the  specific  heat  of  the  metal  might  increase 
with  the  temperature  and  thus  agree  with  Dulong  and  Petit's  rule,  at 
some  higher  temperature-interval  than  0 — 100**.     Brauner's  sugges- 
tion was  based  upon  the  position  which  glucinum  should  occupy  in 
the  periodic  arrangement  and  which  would  be  similar  to  that  of  boron 
and  carbon.     Some  determinations  of  the  specific  heat  of  the  metal  up 

•  "  Phil.  Trans.,"  1883,  Part  II,  p.  601. 
t  "  Proc.  Roy.  Soc.,"  vol.  36,  p.  248. 
J  "  Proc.  Roy.  Soo.,"  vol.  86,  p.  858. 
§  "  Berlin  Ber.,"  li,  872. 
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to  300°  made  by  Nilson  and  Pettenon*  confirmed  this  prediction  to  a 
certain  extent,  but  as  this  important  question  could  not  be  considered 
as  definitely  decided,  the  following  investigations  were  undertaken. 
Owing  to  the  small  amount  of  time  at  my  disposal  the  experiments 
have  absorbed  the  greater  part  of  my  leisure  for  the  past  fourteen 
months,  and  in  the  mean  time  my  results  have  been  partly  forestalled 
by  other  investigators,  but  the  importance  of  the  subject  justifies  me 
in  publishing  what  is  little  more  than  a  confirmation  of  liie  work  of 
others. 

My  experiments  may  be  divided  into  two  groups,  (i)  those  on  the 
specific  heat  of  pure  glucinum  at  varying  temperatures,  and  (ii)  those 
on  the  vapour- density  of  volatile  glucinum  compounds.f 

I.  Specific  Heat  of  Metallic  Olucinum  at  varying  Temperatures, 

For  the  determinations  of  the  specific  heat  of  glucinum  at  varying 
temperatures  a  fresh  quantity  of  the  metal  was  prepared  from  the 
pure  chloride  by  the  method  which  I  have  previously  described 
(he.  cit).  The  chloride  was  obtained  from  oxide  which  had  been 
carefully  purified  with  ammonium  carbonate.  Experiments  in  which 
impure  glucina  was  fused  with  acid  potassium  fluoride,  and  the  fused 
mass  extracted  with  water  containing  hydrofluoric  acid,  proved  that  if 
iron  is  present  much  of  it  goes  into  solution  with  the  glucinum.  The 
usual  method  with  ammonium  carbonate  gives  better  results,  especi- 
ally if  the  process  is  several  times  repeated,  and  if  at  last  an  insufficient 
quantity  of  the  solvent  is  used,  so  that  some  of  the  glucina  remains 
undissolved  with  the  last  traces  of  the  alumina.  The  concentrated 
solution  of  the  double  carbonate^  can  then  be  easily  decomposed  by 
leading  steam  into  it  through  a  wide  tube.  The  dangerous  bumping 
which  always  happens  when  the  concentrated  solution  is  boiled  is  thus 
completely  avoided.  In  this  way,  after  three  or  four  purifications,  it 
is  easy  to  obtain  a  sample  of  glucina  which  when  fused  with  acid 
potassium  fiuoride  dissolves  in  water  containing  hydrofluoric  acid 
without  leaving  the  slightest  trace.  A  very  convenient  form  of 
charcoal  for  mixing  with  the  oxide  to  prepare  the  chloride  is  a  kind  of 
lamp-black  known  in  trade  as  gaa-hlacik.  When  burnt  it  leaves  a 
much  smaller  quantity  of  ash  than  the  best  sugar  charcoal,  and  can  be 
mixed  with  the  oxide  much  more  easily  and  intimately  than  the  latter. 

Most  of  the  metallic  glucinum  prepared  from  this  pure  chloride  was 
in  the  form  of  thin,  lustrous,  highly  crystalline  laminss.  The  purer 
portions  were  selected  and  compressed  in  a  steel  mortar  to  a  compact, 
lustrous  cylinder  11  mm.  long  and  8  mm.  in  diameter. 

•  «  Berlin  Ber.,"  xiii,  1456. 

t  The  latter  experiments  were  done  before  the  former. 
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An  analysis  of  a  portion  of  this  metal  after  tlie  specific  heat  deter- 
minations had  been  done  was  conducted  as  follows.  Since  alumininm 
was  absent  in  the  oxide  and  conld  not  have  been  introduced  during 
the  preparation  of  the  metal,  the  only  impurities  to  be  looked  for  were 
silicon,  iron,  and  glucinum  oxide.  On  solution  of  the  metal  in  a 
dilute  acid,  the  silicon  would  mostly  remain  behind  in  the  free  state, 
but  a  part  would  be  liberated  as  silicon  hydride.*  The  oxide  would 
also  remain  undissolved  as  the  metal  had  been  heated  up  to  450* 
in  the  specific  heat  determinations.  The  iron  would,  of  course, 
dissolve. 

29*4  mgrms.  of  the  metal  was  dissolved  in  dilute  sulphuric  acid,  and 
left  a  minute,  imponderable  residue,  which  was  estimated  at  0'2  mgrm. 
It  remained  floating  in  the  liquid  for  some  time,  was  light  coloured, 
and  was  probably  glucina  mixed  with  some  ferric  oxide.  The  iron  in 
solution  was  estimated  by  the  depth  of  colour  produced  by  ammonium 
sulphocyanate,  just  as  by  the  operation  known  as  "  Nesslerising  *' 
minute  quantities  of  ammonia  are  estimated.  I  believe  this  method 
gives  more  accurate  results  for  the  estimation  of  very  small  quantities 
of  iron  than  the  usual  process  with  potassium  permanganate.  In 
using  a  dilute  solution  of  this  reagent  a  considerable  excess  must  be 
added  before  the  pink  colour  becomes  visible,  and  the  end  point  or 
amount  of  excess  is  very  difficult  to  determine;  whereas  with 
ammonium  sulphocyanate  and  working  under  similar  conditions  it  is 
very  easy  to  match  the  two  colours  and  to  determine  accurately  a 
minute  quantity  of  iron.  The  iron  in  the  above  solution  of  glucinum 
sulphate  was  oxidised  by  a  drop  of  weak  bromine-water,  the  excess  of 
bromine  boiled  ofE,  and  a  given  volume  of  ammonium  sulphocyanate 
added  in  a  Nessler  cylinder.  To  another  similar  cylinder,  containing 
the  same  quantity  of  free  acid  and  ammonium  sulphocyanate  and 
made  up  to  the  same  volume,  was  added  a  solution  of  ferric  sulphate 
containing  O'l  mgrm.  iron  per  c.c.  Of  this  solution  0*3  c.c.  was 
required,  corresponding  to  0*03  mgrm.  iron.  The  composition  of  the 
metal  was  therefore  : — 

Glucinum   99*20 

Glucina 070 

Iron 010 


100-00 


in  other  words,  it  was  almost  pure.  Its  purity  was  also  shown  by  the 
difficulty  with  which  it  dissolved  in  dilute  acids.  A  small  piece 
which  had  been  left  in  dilute  sulphuric  acid  (1  :  10)  over  night  was 
only  partly  dissolved  in  the  morning,  but  solution  took  place  rapidly 
on  warming. 

*  The  silicon  in  commercial  magnesium  behayes  ii}  tlus  m&TiueT. 
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Several  Kttempte  were  made  to  determine  the  deiuit;  of  this  block 
of  metal.  They  were  all  nnBacceBBfiil,  owing  to  the  difficnltf  of  com- 
pletelf  remoriog  the  enclosed  air. 

Another  sample  was  therefore  used  in  the  loose  form  sb  extracted 
from,  the  iron  boats.     The  following  results  were  obtained : — 
di%  =  1-88  (i),  1-90  (ii) ;  mean  =  1-89. 
The  composition  of  this  metal  was — 

Gl    99-00 

GIO 0-43 

Fe    0-57 

10000 

and  making  allowance  for  these  impurities  the  trae  density  of  glnoi- 
nnm  becomes  djg=l'85. 

Fio.  1. 


Owinf;  to  the  small  amount  of  snliotauce  nsed  (aboat  59  mgrms.), 
he  it'sult  is  onlf  accurate  to  the  second  decimal  place. 


On  the  Atomic  Weight  of  Glncvium,  5 

The  oalorimeter  employed  was  bd  impraved  form  of  tbe  instrnment 
described  in  my  former  paper  (too.  ct(.).  The  opening  and  closing  of 
the  two  sliden,  and  the  movement  of  the  catch  to  release  the  substance, 
were,  however,  made  automatic  by  snitable  electrical  connexions.  It 
was  thns  only  necessary  to  run  the  calorimeter  nnder  the  heater  and 
back  again  in  order  to  traoFrfer  the  sabstance  from  the  latter  to  the 
former.  Thecalorimeter  (H,  fig.  l),with  its  hra,s8  casing,  and  the  bent 
thermometer  (^i),  were  the  same  as  those  nsed  before ;  the  agitator  (P) 
was  worked  by  a  small  electromotor  (T).  Two  new  heaters  were  nsed, 
one  for  temperatnres  np  to  150°,  and  one  for  temperatures  from  150° 


■  lo  too*.  The  former  (fig.  2)  consists  of  a  doable  brass  vessel  with 
a  thiok  jwiket  of  slag-wool.  The  vapoar  of  the  boiling  Hquid  passes 
fiQVi  tlw  boiler  to  the  heater  by  one  tnbe,  and  leaves  by  another,  is 
eondMued  ind  flows  back  to  the  boiler.  The  liquids  nsed  in  this 
iMBlarmrs  methyl  alcohol,  water,  and  xylol,  bat  the  resalts  obtained 
irifii  tha  flnt-named  liquid  were  inaccurate  owing  to  the  small  rise 
(04"}  in  IliB  teippentnTe  of  the  calorimeter.  In  this  apparatus  it  is 
po^fllistoobteinatemperatare  constant  tOi^°forany  length  of  time.* 
*tb»  kMter  for  high  temperatnres  (A,  fig.  1)  was  made  on  the 
paMWB  dMcribed  by  Lothar  Ueyert,  the  constmction  of  which  will 
be  wnitslt  from  the  figore.  C  is  an  outer  non-condacting  casing, 
L  !■  •  ring  burner,  from  which  the  heated  gases  pass  up  through 
dw  Iwatsr  and  esc&pe  through  perfomtiona  in  the  doable  lid  (V). 
Tiat  he^er  is  mounted  on  a  thick  slab  of  asbestos  (D),  by  means  of 
iriuch  it  atands  on  two  brass  plates  (E),  which  are  separated  from 
(me  another  by  a  coil  of  thin  lead  tabing,  throogh  which  a  current 

*  Thi*  b  only  bus  for  a  liquid  with  >  coiutant  boiling  point  i  the  ijlol  uaed  had 
to  b>  frwtioiiated  ivf eial  tiiiieB  before  a  oonattiDt  temperature  could  be  obtained. 
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of  cold  water  flows.  In  tliis  way  the  chamber  (B)  into  which  the 
calorimeter  has  to  be  run  is  kept  quite  cooL  A  double  tin  screen 
(not  sliown  in  the  figure)  serves  also  to  prevent  the  calorimeter 
from  receiving  extraneous  heat.  The  whole  operation  of  trans- 
ferring the  substance  from  the  heater  to  the  calorimeter  can  be 
performed  in  less  than  two  seconds,  and  the  gain  of  heat  by  the 
calorimeter  during  this  period  cannot  be  measured.  In  a  series  of 
blank  experiments  it  was  found  that  when  the  calorimeter  remained 
under  the  heater  (at  300*^)  for  15  seconds,  the  thermometer  i^  rose 
Y^^.  The  temperature  of  the  substance  in  the  heater  was  measured 
by  three  delicate  thermometers  from  Geissler.  Their  fixed  points 
were  determined  in  ice,  water,  naphthalene,  and  benzophenone,  but 
they  were  not  calibrated.  The  gas  supply  for  this  heater  was  regu- 
lated by  three  regulators  made  by  Giroud,  of  Paris,  burning  60,  80, 
and  110  litres  of  gas  per  hour,  and  giving  temperatures  of  200"*,  240°, 
and  810^  respectively.  With  these  regulators  the  temperature  could 
be  kept  constant  to  about  ^°,  provided  there  were  no  great  fluctua- 
tions in  the  gas  pressure.  I  have  sadly  felt  the  need  of  a  good  regu- 
lator for  high  temperatures.*  The  suspension  of  the  substance  (S)  in 
the  heater  was  by  a  small  pair  of  tongs,  made  so  that  the  jaws  open 
when  the  arms  are  closed.  The  tongs  with  the  substance  are  sup- 
ported by  a  thin  platinum  wire  which  is  attached,  outside  the  heater, 
to  a  thread  passing  over  pulleys  and  fastened  to  a  catch  (K).  When 
this  catch  is  released  the  tongs  fall  by  their  own  weight  until  they 
reach  the  ring  X ;  this  brings  the  arms  closer  together,  and  the  sub- 
stance drops  into  the  calorimeter.  The  connexions  are  so  arranged 
that  when  the  calorimeter  is  run  under  the  heater,  the  lid  of  the 
calorimeter  casing  is  first  opened,  then  the  slider  under  the  heater, 
and  finally  the  catch  is  released,  and  the  substance  falls.  As  the 
calorimeter  returns  the  two  sliders  are  again  closed. 

The  liquid  used  in  the  calorimeter  was  purified  turpentine,  of 
which  the  specific  was  determined  as  follows  : — 

(i.)  By  the  method  of  mixtures,  using  metallic  magnesium,  of 
which  the  specific  had  been  found  to  be  Cio|,=0'244i2.  This  gave  for 
the  turpentine  A;io=0'4146.t 

(ii.)  By  Andrews'  calorifier{  the  mean  of  two  series  of  experiments 
gave  A;io= 0-4103. 

(ill.)  By  Pfaundler's  apparatus§  (Joule's  principle),  in  which  equal 
weights  of  water  and  turpentine  contained  in  two  similar  calorimeters 
are  heated  by  two  platinum  wires  of  equal  resistance,  through  which 

*^  I  am  mach  indebted  to  Profesaor  L.  Mejer  for  adrioe  and  assistanoe  in  the 
construction  of  these  two  heaters, 
t  For  details  of  these  and  the  following  experimentSi  see  Appendix  C. 
J  "  Ann.  Chim.  et  Phjs."  [3],  xir,  92. 
/  ''  WJen,  Akad.  Ber./»  lix. 
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the  same  current  peases.    Tliree  experiments  gave  the  mean  result, 
i?io=0-4085. 

The  general  mean  of  these  experiments  is  il^o=0'4112. 

The  specific  heat  of  water  was  taken  as  1*0000  at  0°,  and  the  cor- 
rection for  temperature  used  was  that  obtained  by  Miinohhausen  and 
Wullner,  and  by  Baumgartner  and  P^undler,  viz.,  A;/=:l+0*0003f. 
Begnault's  expression  for  the  change  in  the  specific  heat  of  tur- 
pentine was  employed,  i.e.,  A;/=A;o+ 0*00124^,  omitting  the  third 
term,  which  only  inappreciably  affects  the  results  in  the  small  range 
through  which  the  liquid  was  heated. 

The  following  table  contains  the  results  of  the  specific  heat  deter- 
minations of  glucinum*  made  with  this  apparatus.  Column  I  gives 
the  results  actually  obtained ;  Column  II  these  results  corrected  for 
the  impurities  contained  in  the  metal : — 


•imei 

its  1  and  2    • .  • 

I. 
.     (^  =  0-4267 

IL 

0-4286 

»> 

3    „   4    ... 

.     <qi  =  0-4500 

0-4615 

99 

5    1,   6    • . . 

.     (^  =  0-4676 

0-4696 

99 

7    „   8    . . . 

.     (^  =  0-4866 

0-4885 

n 

9    „10   ... 

.     c&  =  0-5087 

0-5105 

These  numbers  show  a  rapid  and  continuous  increase  in  the  specific 
heat  as  the  temperature  rises.  In  order  to  find  whether  this  increase 
continued  above  300°,  two  experiments  were  made  at  higher  tempera- 
tures with  a  double  calorimeter.  This  calorimeter  consisted  of  two 
thin  brass  vessels,  placed  close  together  with  suitable  thermometers 
and  agitators.  One  of  these  received  the  glucinum,  and  the  other  a 
platinum  cylinder  of  known  weight.  These  two  sabstances  were 
placed  in  two  similar  glass  tabes,  packed  side  by  side  in  a  wide  iron 
tube  with  slag- wool,  and  the  whole  heated  in  the  furnace  which  was 
used  for  the  vapour- density  determinations. f  After  the  heating  had 
been  continued  for  about  three  hours,  the  iron  tube  was  withdrawn, 
and  the  substances  quickly  tipped  into  the  calorimeters.  In  calcu- 
lating the  temperature,  Violle's  results  of  the  specific  heat  of  platinum 
at  varying  temperatures  were  used.  These  two  experiments  gave  th 
following  results : — 

I.  II. 

Experiment  11 cSo  =  0-5178  05199 

12 <^i  =  0-6384  0-5403 


99 


which  show  that  although  the  specific  heat  continues  to  increase,  \\ 
does  so  more  slowly  than  at  lower  temperatures. 

•  The  metal  wm  enoloeed  in  a  platinnm  oi^mile,  soldered  air-tight  with  pure  gold 
t  SeeSequeL 
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Tho  quantity  of  heat  (Q/)  required  to  raise  1  gram  of  a  substance 
from  0®  to  f  can  be  expressed  by  the  equation — 

0/  =  A^  +  «^  +  ^<', 

^ere  h  is  the  true  specific  heat  at  0**,  and  a  and  p  are 
From  this  equation  the  mean  specific  heat  between  any  two 
tures  {t*  and  t)  is 


:  I 


The  numerical  values  obtained  for  the  three  unknowns  ffeott^llk 

experimental  values  of  c\.  are  ^^ 

Mr?* 

h  =  0-3756 ;    a  =  0-00053 ;    ^  =  -  0-00000088.  :  .  .: 


A  comparison  of  the  value  for  the  mean  specific  heats  calculated 
the  above  expression  with  those  obtained  by  direct  experiment  shows 
that  the  two  agree  within  the  experimental  errors,  and  that  this 
expression  correctly  represents  the  change  in  the  specific  heat  of 
glucinam. 


tflt. 

c^  found. 

c  w  calculated. 

W  :  100* 

0-4286 

0-4302 

13   :  145 

0-4515 

0-4505 

11    :193 

0-4696 

0-4687 

15    :240 

0-4885 

0-4875 

14   :312 

0-5105 

0-5097 

11    :  360 

0-5199 

0-5215 

17   :447 

0-5403 

0-5425 

The  three  constants  being  known,  the  true  specific  heat  at  any 
temperature  (Jct)  is  found  by  making  ^'=f,  and  the  above  equation 
becomes 

or  with  numerical  values, 

h  =  0-3756  +  0-00106^  -  0-00000114^^ 

whence  the  following  values  for  kt  may  be  calculated — 

^0  =  0-3756 
Ajioo  =  0-4702 
A-joo  =  0-5420 
Ajjoo  =  0-5910 
k^  =  0-6172 
k^  =  0-6206 
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dure  ihowing  ipedfie  heal  ot 


ti  raiding  tempentturM. 


A  ciirre  showing  the  true  specific  heat  at  vaTjiDg  temperatures  is 
Ktcq  in  fig.  3.  According  to  the  above  expression  the  specific  heat 
lAcliee  a  masimnm  at  about  470°,  and  then  falls.  Bat  it  is  donbtfal 
•bether  this  expression  wonld  correctly  represent  the  specific  heat  at 
lemperatores  above  500°.  Weber's  experiments  with  diam.ond  and 
irapbite  tend  to  confirm  this  donbt.  Uis  results  between  — 79°  and 
+280°  show  a  rapid  increase  in  the  specific  heat,  and  ^ve  a  para- 
Wlic  carve  similar  to  that  obtained  for  gincinnm.  Bnt  in  the  other 
«ip«rimentB  which  he  made  between  600°  and  1000°  the  increase  in 
the  specific  heat  in  mnch  less  rapid,  and  the  curve  takes  another 
forni.  However  this  maj  be,  my  results  show  that  the  specific  heat 
'>^  glnciniun  rapidly  increases  np  to  about  400°,  and  that  between 
Wl°  and  500°  it  remains  practically  constant  at  the  approximate 
Talne  of  0-G2.  If  this  namber  is  maitiplied  by  the  atomic  weight 
t^eaas  91,  the  atomic  heat  becomes  hGAi.  It  is  therefore  clear  that 
tbig  Qomber  represents  the  true  atomic  weight,  and  not  136,  as  was 
preTionsly  deduced  from  the  specific  heat  between  100°  and  10°. 
(ilDciDam  is  thus  to  be  classed  with  those  elements  of  which  the 
specific  heat  increases  rapidly  with  the  temperatnre,  and,  like  most 
tlemente  with  low  atomic  weights,  its  atomic  heat  is  considerably 
below  the  average. 

Tbe  expression  for  the  true  specific  beat  of  the  metal  given  by 
Nilsoo'g  results  is  similar  to  that  obtained  from  mine.  His  valncs 
for  the  constants,  as  calculated  by  me,  are  :  io=03710,  a=0-00058, 
"«1^= -000000044,  which  closely  agree  with  those  derived  from 
ny  eiperiments. 
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II.  VapouV'densiiy  of  Volatile  OluGinum  Compounds. 

The  oomponnds  of  glaoiniim  which  can  be  yolatiliBed  unchanged 
are  thoae  which  it  forms  with  organic  radicals  and  with  the  halogens* 
Of  the  former  class  Gahoors  states*  that  he  has  prepared  the  ethide 
and  propide,  and  gives  their  boiling-points,  bat  all  mj  effdrts  to 
prepare  either  of  these  compounds  in  a  snfficientlj  pure  state  to  deter- 
mine its  yapoor-densitj  were  fruitless.  I  operated,  as  CSahonxs 
recommends,  on  an  excess  of  metallic  glncinnm  with  meronrio  ethide 
or  propide  in  sealed  tabes ;  but  either  the  tabes  exploded  yiolentlj, 
always  when  a  temperature  of  135^  was  exceeded,  or  if  the  change 
was  successfully  accomplished,  as  shown  by  the  separation  of  metallic 
mercury,  the  compound  decomposed  again  on  distilling.  Meronrio 
ethide  acts  on  glucinum  chloride,  slowly  at  100^,  more  rapidly  at  ISO*, 
and  a  cousiderable  quantity  of  mercury  ethyl  chloride  is  prodooed, 
which  partly  remains  dissolved  in  the  excess  of  mercuric  ethide,  and 
partly  separates  out  in  the  usual  pearly  scales.  A  similar  reaction 
takes  place  between  mercuric  ethide  and  glucinum  bromide,  but  from 
neither  of  these  reactions  could  a  volatile  compound  of  glucinum  be 
obtained.  I  hope  to  be  able  to  examine  these  interesting  reactions 
at  a  later  date. 

As  the  organic  compounds  of  glucinum  were  not  available  for 
vapour-density  determinations,  my  attention  was  directed  to  the  halo- 
gen compounds.  The  bromide,  chloride,  and  iodide  of  glucinum  are 
all  volatile,  and  their  volatility  is  in  the  order  named.  The  first  two 
volatilise  without  decomposition  if  water  and  air  are  absent;  the 
last-named  decomposes  on  heating.  In  the  presence  of  a  trace  of  air, 
both  the  chloride  and  bromide  decompose  when  heated,  the  latter 
more  easily  than  the  former  ;  in  both  cases  the  haloid  element  is  set 
free.  And  since  both  these  compounds  corrode  glass  and  porcelain 
when  vaporised  in  vessels  of  these  substances,  the  determination  of 
their  vapour-density  is  a  matter  of  some  difficulty. 

I  first  made  some  determinations  in  glass  tubes  with  the  chloride, 
using  Sehwarz*s  modificationf  of  V.  Meyer's  displacement  method. 
The  glass  was  corroded,  and  the  results  were  not  concordant.  Porce- 
lain was  also  attacked.  The  tubes  nearly  always  contained  free  chlo- 
rine, although  the  experiments  were  done  in  pure  dry  nitrogen.  It 
was  then  decided  to  try  platinum  for  the  determination,  and  after  it 
had  been  found  that  glucinum  chloride  could  be  sublimed  unchanged 

•  "  Compt.  rend.,**  Ixxri. 

t  "  BerUn  Ber.,**  xvi,  1051. 

The  obyiouB  errors  in  this  modifloation  have  been  pointed  out  by  Y.  Meyer 
('<  Berlin  Ber./*  xrii,  1334).  They  are  chiefly  that  a  portion  of  the  wide  tube  is 
irregularly  heated,  and  that  the  large  boat  which  carries  the  substance  takes  air 
with  it  in  its  fall  into  the  tube. 
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in  a  platinnm  tabe  in  a  stream  of  nitrogen,  a  platinnm  vessel  was  ob- 
tained from  Messrs.  Johnson,  Matthey,  and  Go.  This  platinnm  vessel 
was  of  the  nsnal  size  and  dimensions  of  those  employed  for  vaponr- 
deoaily  determinations  by  displaced  air,  except  that  the  narrow  tube 
was  about  one-half  the  ordinary  length.  The  open  end  of  this  tnbe 
was  firmly  attached  to  the  npper  part  of  the  nsnal  glass  apparatus  by 
well->wired  caontchonc  tubing.*  The  substance  was  introduced,  and 
the  displaced  air  measured  by  the  method  used  by  Meier  and  Graftsf 
in  their  researches  on  the  vapour-density  of  iodine.  As  a  graduated 
vessel  for  the  reception  of  the  displaced  air,  an  ordinary  calibrated 
burette  was  used,  the  lower  end  being  connected  with  a  tube  of  the 
same  width  by  strong  caoutchouc  tubing.  These  two  tubes  were  held 
in  common  retort- stand  clips,  and  could  be  easily  adjusted,  so  that  the 
mercury  was  at  the  same  level  in  each.  They  were  connected  with 
tibe  vessel  in  the  furnace  by  a  narrow  glass  tube  (1  mm.  bore),  and 
the  one  containing  the  air  was  immersed  in  a  vessel  of  water.  As  a 
fumace,  two  of  Fletcher's  draft  furnaces  were  used,  placed  one  above 
the  other,  with  a  wide  clay  cylinder  between  them.  This  gave  a 
chamber  30  cm.  high  and  12*5  cm.  in  diameter,  which  could  be  heated 
up  to  any  temperature  from  about  400''  to  800*^.  The  temperature 
could  be  kept  sufficiently  constant  for  these  experiments  with  a  good 
gas  tap. 

The  platinum  vessel  was  freely  suspended  in  two  clay  crucibles, 
placed  mouth  to  mouth,  and  with  a  hole  knocked  in  the  bottom  of  the 
upper.  This  served  to  protect  the  vessel  from  the  direct  action  of 
the  fumace  gases.  The  temperature  was  measured  by  a  Siemens' 
pyrometer,  the  porcelain  tube  of  which  was  connected  with  platinum 
wires  to  the  platinum  vessel.^ 

With  this  apparatus  the  vapour-densities  of  glucioum  chloride  and 
bromide  were  determined.  Olucinum  chloride  was  prepared  in  several 
ways,  but  the  best  method  was  found  to  be  that  recommended  by 
Nilson,  which  consists  in  heating  a  few  mgrms.  of  the  metal  in  a 
stream  of  dry  hydrochloric  acid  in  a  narrow  platinnm  tube.  The 
chloride  is  sublimed  as  near  the  end  of  the  tube  as  possible,  the  con- 
nexions removed,  and  a  small  cap  fitted  on  the  open  end.  The  tube  is 
then  cut  off  with  a  pair  of  scissors,  so  as  to  form  a  small  capsule  in- 
dosing  the  chloride.  This  is  introduced  into  a  well-corked  glass  tube 
and  weighed.  While  the  preparation  of  the  chloride  was  going  on,  the 

•  Poring  the  progress  of  this  part  of  my  work,  I  received  the  account  of  Nilson 
ind  Petiersson's  experiments  on  the  yapour-density  of  glucinum  chloride  ("  Berlin 
B«r.,*'  ZTii,  987).  It  will  be  observed  from  the  sequel  that  I  have  adopted  some 
detaik  from  them,  notably  the  use  of  carbonic  acid  for  displacement. 

t  ••  "  Berlin  Ber.,»'  xiii,  851. 

X  For  a  descriptian  of  the  construction  and  graduation  of  this  instrument,  see 
Appendix  B. 
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apparatus  was  gently  heated,  and^diy  carbonic  acid  passed  tbrongb  it 
by  a  glass  tnbe  goiog  to  the  bottom  of  the  platinnm  vessel,  nntil  the 
issuing  gas  was  completely  absorbed  by  caustic  potash.*  The  glass 
tnbe  was  then  gradually  withdrawn,  and  the  temperatore  raised.  As 
soon  as  the  temperature  had  become  constant,  which  was  easily  seen 
by  the  mercury  remaining  stationary  in  both  tubes  and  the  resistance 
of  the  pyrometer  being  constant,  the  cork  at  the  top  of  the  yessel  was 
removed  for  an  instant,  the  small  platinum  tube  with  the  substance 
dropped  in,  and  the  cork  immediately  replaced.  The  equilibrium 
was  thus  hardly  disturbed,  and  a  few  minutes  afterwards  the  substance 
was  allowed  to  fall  into  the  heated  vessel. 

In  the  two  following  determinations  (the  only  ones  which  were 
made)  evaporation  commenced  at  once,  and  was  complete  in  about 
twenty  seconds.  The  following  are  the  data  of  these  two  experi- 
ments : — 

Exp.  Substance. 

1   26*4  mgrms. 

2 28-0       „ 


Displaced  COa. 

i. 

d. 

7-47  C.C. 

635° 

2-733 

7-98    ,. 

785 

2-714 

Mean 2724 

After  each  experiment  the  platinum  vessel  was  washed  out  with  a 
mixture  of  potassium  iodide  and  starch,  but  no  trace  of  free  chlorine 
was  found.  The  small  platinum  tube  was  then  washed  with  water, 
dried,  and  weighed ;  this  gave  the  weight  of  the  substance  used. 

The  vapour-density  of  glucinum  bromide  was  next  determined  in 
the  same  apparatus.  This  substance  can  be  obtained  like  the  chloride, 
by  heating  the  metal  in  dry  hydrobromic  acid,  but,  owing  to  the  diflfi- 
culty  of  obtaining  a  regular  stream  of  the  dry  gas,  it  is  best  prepared 
by  burning  the  metal  in  gaseous  bromine.  Combination  between  the 
two  elements  takes  place  at  a  low  red  heat,  with  brilliant  incaa- 
descence.  The  crude  bromide  is  afterwards  purified  by  resubliming  it 
in  a  carrent  of  hydrogen  or  carbonic  acid.  Like  the  chloride,  it  can 
be  sublimed  unchanged  in  carbonic  acid.  Glucinum  bromide  sublimes 
at  a  lower  temperatiu'e  than  the  chloride,  and,  unlike  the  latter  com- 
pound, vaporises  before  it  melts.  It  begins  to  volatilise  at  about  450^. 
When  carefully  sublimed  at  a  low  temperature,  it  forms  beautiful 
snow-white  silky  needles,  and  does  not  attack  glass  if  air  and  moisture 
are  perfectly  absent.  If  heated  in  the  presence  of  air,  free  bromine  is 
at  once  produced. 

A  quantity  of  the  crude  substance  was  prepared  by  heating  a  few 

*  There  was  always  a  minute  bubble  of  air  left  unabsorbed  by  the  potash,  even 
when  the  gas  was  passed  through  the  apparatus  for  20  hours.  It  was  probably 
due  to  dilhision  through  the  caoutchouc  connexions,  and  did  not  appear  to  in- 
Auence  the  results. 
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centigrams  of  metallic  glacinum  in  bromine  vapour.  This  was  purified 
bj  soblimation  in  dry  hydrogen,  and  was  finally  sablimed  into  several 
narrow  glass  tabes,  each  of  which  was  sealed  np.  When  a  determina- 
tion was  to  be  made,  the  two  ends  of  one  of  these  tubes  were  cut  off, 
and  the  solid  lump  of  the  bromide  quickly  rammed  into  a  small  plati- 
num tube  closed  at  one  end.  A  cap  was  fitted  on  this  tube,  and  it 
was  weighed  in  the  same  manner  as  the  chloride. 

The  vapour-density  was  determined  like  that  of  the  chloride,  and 
the  following  are  the  data  of  the  four  experiments  made : — 


Expt.        Substance.         Volume  of  COj. 

t,                         d. 

L   •  •  •  •                                                      ~"^ 

4Ar.o    f  evaporation  very 
\     slow. 

2  •  • .  •     35*9  mgrms.      4*28  c.c. 

608                6-487 

3  ....     611     „              7-53    „ 

630                6-276 

4 260    „             3-22    „ 

606                6-245 

Mean 6336 

In  these  experiments  there  was  always  a  trace  of  free  bromine  pro- 
duced. In  experiment  4,  where  it  was  largest,  the  iodine,  set  free 
on  the  addition  of  potassium  iodide,  was  estimated  by  centinormal 
potassium  arsenite,  of  which  0*2  c.c.  was  required.  This  corresponds 
to  0'16  mgrm.  bromine,  or  less  than  1  per  cent,  of  the  quantity  present. 
The  decomposition  which  had  taken  place  could  not,  therefore,  affect 
the  result  to  any  appreciable  extent,  and  that  the  substance  had  com- 
pletely evaporated  was  proved  by  the  fact  that  the  small  platinum 
tube  weighed  the  same  before  and  after  the  experiment  within  one 
or  two  tenths  of  a  milligram. 

The  possible  densities  for  glucinum  chloride  and  bromide  are — 


For  Gr'Clg 2-76 

Gr'Brg    ....      6-84 


For  Gr"Cl3 4-14,  and 


99 


91 


Gr"Br 


3 


8-76 


The  values  found  were — 


For  GlCla 2-72,  and  for  GlBr, 634. 

It  is  therefore  evident  that  the  molecules  of  these  two  sub- 
stances in  the  gaseous  state  are  represented  by  the  formula  GlClj 
and  GlBr^  respectively,  in  which  the  metal  is  a  dyad,  and  has  the 
atomic  weight  9*1.  Thus  from  Avogadro's  law,  to  which  there  are  no 
known  exceptions,  the  conclusion  is  confirmed  which  was  obtained 
from  the  specific  heat  of  the  element  at  high  temperatures. 

The  long  disputed  question  of  the  atomic  weight  of  glucinum  is 
thus  definitely  and  finally  decided  in  favour  of  that  number  which 
satisfies  the  requirements  of  the  periodic  law,  and  another  element  is 
added  to  the  long  list  of  those  whose  atomic  weights  have  b^n  ^^t- 
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rected  by  this  important  generalisatioii.  In  all  future  determinations 
of  the  atomic  weight  of  an  element,  the  position  which  the  element 
shonld  occnpj  in  the  periodic  arrangement  mnst  receive  dne  import- 
ance, and  had  I  fully  recognised  this  two  years  ago,  I  should  perhaps 
have  stated  my  conclusions  and  criticisms  less  positiyely  than  I  did. 


Appendix  A. 

On  the   Composition  of  the  Double  Oarhonate  of  Olucinum   and 

AfMnonium. 

An  analysis  of  this  important  compound  has  been  published  by 
Debray,*  but  the  formula  he  obtained  being  somewhat  complex,  I 
have  prepared  and  analysed  the  pure  substance.  A  strong  solution  of 
ammonium  carbonate  was  digested  with  moist  glucinum  carbonate  at 
a  gentle  heat  until  saturated.  The  clear  solution  was  then  heated 
until  it  became  cloudy,  and  any  excess  of  ammonium  carbonate  decom- 
posed, then  again  filtered  and  mixed  with  its  own  bulk  of  strong 
alcohol.  The  crystals,  which  only  separated  slowly  and  adhered 
firmly  to  the  walls  of  the  containing  vessel,  were  drained,  washed 
with  alcohol,  and  dried  between  filter-paper. 

The  analyses  of  two  separate  specimens  gave  the  following 
results: — 

I. 

BeO 1877 

CO3 4213 

(NHJ2O ....     26-39 
HgO  (diff.)  . .      1271 


XL 

Mean. 

Calculated 

19-22 

19-00 

18-40 

4316 

42-65 

4300 

26-25 

26-31 

25-41 

11-37 

1204 

1319 

100-00  10000  100-00  100-00 


which  correspond  to  the  formula  2(GlC03,Am2C03),Gl(OH)3+2H50. 
This  resembles  the  formula  obtained  by  Dobray,  viz., 

3(GlC03,Am2C03),Gl(OH)2, 

but  contains  more  water.  Both  of  my  specimens  were  dry  crystalline 
powders,  without  a  trace  of  adhering  alcohol,  and  with  a  faint  odour 
of  ammonia.  Specimen  II  had  been  kept  for  several  weeks  in  a 
stoppered  bottle. 


•  "  Ann.  d.  Chim."  [3],  xUv,  6. 
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AppEimix  B. 
Note  on  Siemens*  Pyrometer, 

Tbe  following  are  the  details  of  constmction  and  gradnation  of  the 
pyrometer  employed  in  the  vapour-density  determinations.  Abont 
100  cm.  of  thin  platinum  wire  (0*13  mm.  diameter)  was  coiled  round 
a  thick  piece  of  ordinary  clay  tobacco-pipe,  and  three  thicker 
platinum  wires  were  soldered  with  gold  to  the  two  ends.  To  these 
thicker  wires  were  soldered  three  copper  wires,  which  went  to  the 
bridge  whore  the  resistance  was  measured.  The  whole  was  enclosed 
in  a  porcelain  tube,  one  end  of  which  had  been  closed  by  a  plug  of 
clay,  and  the  wires  were  so  arranged  that  the  junctions  between  the 
copper  and  platinum  came  at  the  same  height,  just  within  the  tube. 
By  suitably  arranging  the  three  wires  and  a  known  resistance  in  the 
arms  of  the  bridge,  measurements  could  be  made  of  the  resistance  of 
the  thin  coil  without  that  of  the  leads,  so  that  any  change  in  resist- 
ance was  due  to  the  altered  resistance  of  the  coil  alone.  The  wire  of 
which  the  coil  was  made  had  previously  been  heated  several  times  to 
redness. 

In  order  to  graduate  the  instrument  it  was  immersed  in  melting  ice, 
boiling  water,  aniline,  diphenylamine,  sulphur,  selenium,  and  zinc. 
For  boiling  these  substances  (with  the  exception  of  water)  iron  tubes 
welded  together  at  one  end,  of  5  cm.  diameter  and  46  cm.  length, 
were  used.  The  upper  portion  of  the  tube  for  about  8  cm.  was  sur- 
rounded with  a  coil  of  thin  lead  tubing,  through  which  a  stream  of 
cold  water  was  allowed  to  flow.  This  acted  as  a  very  efficient  con- 
denser, and  kept  the  upper  part  of  the  tube  cool  enough  to  handle 
easily.  The  results  obtained  are  expressed  in  the  following  table,  in 
which  the  first  column  gives  the  substance,  the  second  its  melting 
or  boiling  point,  and  the  third  the  actual  resistance  found.  In  the 
fourth  column  the  resistances  are  reduced  to  that  at  0°=1,  and  in  the 
fifth  are  given  the  corresponding  resistances,  calculated  from  the 
empirical  formula — 

n  =  1  +  00027^  -  0-00000019^2. 

Substance.  t. 

Ice 0** 

Water    100 

Aniline 184 

Diphenylamine. .  310 

Sulphur 448 

Selenium   665 

Zinc 940 


rt. 

'••-I. 

Calculated 

13-42 

1-000 

1-000 

1702 

1-268 

1-268 

20-08 

1-496 

1-493 

24-43 

1-819 

1-819 

2914 

2171 

2172 

36-08 

2-688 

2-712 

45-38 

3-381 

aaio 
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The  agreement  between  the  calcalated  and  observed  results  is  good, 
except  in  the  last  two  instances.  The  seleninm  probably  contained 
some  snlphnr,  which  would  lower  its  boiling  point,  and  only  one 
experiment  was  made  with  zinc,  as  this  temperatore  could  only  be 
reached  in  the  furnace  used  under  an  exoeptionaUj  favourable  gas 
pressure. 

The  change  in  the  resistance  of  commercial  platinum  has  been 
investigated  by  the  late  Sir  W.  Siemens,  M.  Benoit,  and  others. 

Siemens  expressed  his  results  in  the  form — 

rt  =  ro(AT»  +  BT  -  C), 

and  this  can  be  thrown  into  a  general  expression  similar  to  that 
which  I  have  used,  viz. : — 

rt  =  ro(l  -I-  o^  -  fifi). 

Benoit*s  results*  can  also  be  expressed  by  a  similar  formula. 

But  although  there  is  a  general  agreement  between  these  difEerent 
resalts,  the  values  of  the  coefficients  vary  considerably,  and  it  is 
therefore  always  necessary  in  using  this  pyrometer  to  calibrate  it  for 
every  wire.  I  have  even  found  that  the  change  of  resistance  of  two 
pieces  of  wire  from  the  same  bobbin  varied  considerably. 

M.  Benoit  has  kindly  furnished  me  with  the  following  synopsis  of 
various  results,  which,  although  they  differ  much  from  one  another, 
can  all  be  expressed  by  the  general  formula  g^ven  above  : — 

Siemens. 

Benoit.        Erhardt.f     Humpidge. 

1-00  1-00  1-00 

1-23  1-23  1-27 

1-46  1-46  1-53 

1-91  1-90  205 

600  ..     216        2-48        2-81  234  231  255 

800  ..     2-43        2-97        3*37  275  2*69  304 


t. 

I. 

II. 

ml 

0\. 

100 

100 

1-00 

100  .. 

1-29 

1-25 

1-31 

200  . . 

1-47 

1-50 

1-62 

400  .. 

1-84 

1-98 

2-23 

•  Compt.  rend.y  Ixxvi,  342.  The  formula  ib  incorrectly  given  in  Wiedemann's 
"  Electricitiit,*'  the  sign  of  second  coefficient  being  positive  instead  of  negative. 
One  of  the  temperatures  used  in  this  research  was  that  of  boiling  cadmium,  which 
was  taken  from  the  earlier  and  incorrect  determinations  (with  an  iodine  thermo- 
meter) of  Deville  and  Troost  as  860**  instead  of  circd  770°.  M.  Benoit  has, 
however,  informed  me,  in  a  private  communication,  that  on  introducing  this  cor- 
L  rection  the  general  form  of  the  equation  remains  the  same. 
f  ''  W/ed,  Ann."  zzir,  215. 
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Appendix  C. 

Details  of  Specific  Heat  Determinaiions. 

I.  Specific  Heat  of  Turpentine, 

(i.)  By  Method  of  Mixture  with  Magnesium. 

(a.)  Specific  Heat  of  Magnesium, 

IT  =^  weight  of  substance,  t(;'=:  weight  of  platmam  wire  as  support, 
W= weight  of  water ;  water- equivalent  of  calorimeter,  agitator,  and 
thermometer =2*84,  T= temperature  of  substance,  ^= initial  tempera- 
ture of  liquid,  ^= final  temperature  of  mixture,  c=: calculated  specific 
heat.     [Specific  heat  of  water  at  i°=  I  -f-00003^] 

Expt.  1..     w  =  4-739,    «;'  =  0-156,    W  =  8521, 
T  =  OG-^-ei,  e    =  12'-57,  t     =  11°-41 
.  • .  ci  =  0-2474. 

Expt.  2..     W=  85-22,    T   =  99^*96,  $    =  ll**-38,  t  =  10°-21 

.-.c,  =  0-2452. 

Expt.  3..     W=  85-22,    T   =  98*-80,  0    =  12''-79,  t  =  ll'-65 

,'.ct  =  0-2428. 

Expt.  4..     W=  85-22,    T    =  98*78,  0    =  13'-78,  t  =  12^-66 

.•.C4  =  0-2412. 

Mean :  cj?  =  02442. 

(b.)   Specific  Heat  of  Turpentine. 

w  and  «?'  as  before.  W= weight  of  turpentine,  equivalent  of  calori- 
meter, &c.=2'83. 


Expt.  1 .  • 


Expt.  2.. 


£ixpt.  3  •  • 


Expt.  4. . 


Expt.  5. 


TOL.  ZXXIX. 


W=  75-80,  T  =  98''-20,  0  =  14''-57,  t  =  ll''-67, 
.-.  ci  =  0-4111. 

W=  75-17,  T  =  99**-54,  0  =  15'-27,  t  =  12^-47, 
.•.C  =  0-4274. 

W=  75-12,  T  =  98^-20,  0  =  14^-60,  t  =  11^-74, 
.-.cs  =  0-4206. 

W=  75-43,  T  =  97^-95,  0  =  12*^-97,  t  =  10^03, 
.-.ci  =  0-4140. 

W=  75-02,  T  =  97**-98,  0  =  13*-58,  t  =  10^-64, 
.-.^5  =  0-4131. 
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Expt.  6..     W=  75-09,  T  =  99^-26,  0  =  14"-60,  t  =  ll**-62, 

.-.ce  =  0-4174. 

Expt.  7..     W=  76-24,  T  =  99^-50,  0  =  15**-09,  t  =  12*'-28, 

.-.C  =  0-4210. 

Mean  :  cT  =  ^a-i  =  0-4179, 
and        A;io  =  0'4146. 

(ii.)  By  Andrews'  Calorifer, 

Equivalent    of    calorimeter  and    thermometers:  10'33,  weight    of 
water =262*34.      The    mean   of    five    experiments   gave   ^=8*-436, 
^=7016°, 
whence  equivalent  of  calorifer= 

=  272-67  X  1-42  =  38719  -5-  1*0023 

=  386-20 

In  two  series  of  experiments,  using  turpentine  instead  of  water,  the 
following  results  were  obtained : — 

Series  i. — ^Weight  of  turpentines 229-26, 

0  =  12*^-298,  t  =  8°-594  (5  experiments) 
.-.  A;,o.5  =  0-4107. 

Series  it. — Weight  of  turpentine =229*26, 

0  =  12^*480,  t  =  8**-790  (4  experiments) 
.-.  A;io.5  =  0-4115, 
whence  A^io  =  0*4105. 

(iii.)  By  Electrical  Method. 

Mean  of  three  experiments  gave 

A^ig.j  =  0*4180,  compared  with  water  at  14°-2, 
whence        A-,o    =  0*4085. 

The  general  mean  of  the  three  sets  of  determinations  is 

ho  =  0-4112, 

which  was  adopted,  with  a  correction  for  the  temperature,  in  calcu- 
lating the  specific  heat  of  glucinum  in  the  following  experiments : — 


II.  Specific  Heat  of  Glucinum, 
(i.)  In  Turpentine, 

Weight   of  substance =0-745,  weight  of  platinum  casing  =  1*527, 
water  ^9 Divalent  of  calorimeter,  &g.s=2'83. 
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Expt.  1 . . 

Expt.  2 . . 

and 

Expt.    3  •  • 


Expt.    4 . . 


and 


Expt.    5 . . 


Expt.    6.. 


and 


Expt.    7 . . 


Expt.    8 .  • 


and 


Expt.    9 . . 


Expt.  10 . . 


and 


W  =  74-98,  T  =  99**'46,  e  =  11'*'29,  t  =  lO^'SS, 
.•.ci  =  0-4272.- 

W  =  74-98,  T  =  99°-36,  e  =  ll''-08,  t  =  10'*-12, 
.-.  cj  =  0-4262, 
cJK  =  0-4267. 

W  =  74-97,  T  =  146^-2,  0  =  ll'^^S,  t  =  10*^-44, 
.-.ci  =  0-4481. 

W  =  74-97,  T  =  145*^-2,  e  =  14''-63,  t  =  13*^15, 
.-.ca  =  0-4518, 
c^S\  =  0-4500. 

W  =  74-87,  T  =  190*^-1,  6  =  10^08,  t  =  7"-95, 
.\ci  =  0-4668. 

W  =  74-87,  T  =  196*^-2,  6  =  11^-18,  t  =  8''-99, 
••.c,=  0-4684, 
CiJfJ  =  0-4676. 

W  =  74-97,  T  =  241°-9,  e  =  14*^-58,  t  =  11*^-82, 
.-.  ci  =  0-4875. 

W  =  74-97,  T  =  236^-2,  e  =  16*^23,  t  =  13**-58, 
.  • .  C2  =  0-4856, 
c£\  =  0-4866. 

W  =  74-97,  T  =  309°-9,  6  =  14*^72,  t  =  10*^-99, 
.-.Ci  =  0-5093. 

W  =  74-70,  T  =  313^-5,  0  =  14**-61,  t  =  10°-83, 
.  • .  C  =  0-5080, 
Clfj  =  0-5087. 


(ii.)  In  Double  Calorimeter. 

Weight  of  platinnm  cylmder= 24-346,  W= weight  of  water  and 
equivalent  of  calorimeter,  &c.  I  (for  platinnm),  W'= weight  of  water 
and  equivalent  of  calorimeter  II  (for  glncinnm). 


Expt.  11. 
whence 

and 

Expt.  12. 
whence 

and 


W  = 


95-15,  e 
T 


W  =  93-86,  &  = 


W  = 


9619,  e 
T 


W  =95-74,^'  = 


-  17-5  — . 


12**-52,  t  =    9^-53, 
359•3^ 

ll°-72,  t'  =  10^-11, 
0-5178. 

18''-60,  t  =  14''-88, 
447"-l. 

17^-52,  ^'=  15**-50 
0-5384. 


c^ 
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"On  Certain  Definite  Integrals.    No.  13.'" •  By  W.  H.  L. 
Russell,  A.B.,  F.R.S.'   Received  June  18, 1885. 

In  a  paper  which  will  be  found  in  the  "  Proceedings  of  the  Royal 
Society  "  for  Jnne,  1865,  I  gave  methods  for  expressing  the  snm  of 
certain  series  by  definite  integrals,  or  in  other  words,  of  expressing^ 
F(aj)  by  the  form  /FQ'dO.  As  shown  in  my  last  paper,  this  method 
is  immediately  connected  with  the  solution  of  those  partial  differential 
equations  which  have  constant  coefficients  by  definite  integrals,  a 
circumstance  which  never  crossed  my  mind  til]  lately.  In  the  present 
communication  I  hope  to  make  further  extensions  in  both  these  direc- 
tions. 

Case  I.  It  was  proved  in  the  paper  cited  that  the  function 


could  be  expressed  in  the  iorm /TQ*^d0,  whereas  0(n)  and  xiv)  *^ 
rational  (misprinted  identical)  functions  of  (n).     In  the  same  way  we 

may    obtain    v  0(n)-|-  y(^^n^  V(a(n)).     ^ot  it  ^as  proved  in  that 

paper  that    ^^(<pfl+  y/x^)  can   be  expressed  in   the  above  form  if 

i_  «_ 

€^<'^(x(»))  •  can  be  thus  expressed,  and  therefore 

«  

can  be  thus  expressed  in  the  form/PQ''(2^  if 

can  be  expressed  in  this  form,  which  can  be  done  by  repeating  the 
process. 

This  investigation  assumes,  however,  that  x(*»)  +  Vw{n)  is  less  than 
unity. 

Gase  IL   Suppose  it  were  required   to  reduce  e^,  where  N    = 

?/0(n)  +  Vx{n)+y^)  to  form  fPQrde. 

Then  ,N^ir'^cos(sin^)(l^)    ^^  since  the. denominator  can 
»-Jo    l-2Ncos^+N8 

be  rationalised,  we  fall  back  on  Case  I.  N  must  of  course  be  less 
than  unity. 

Case  III.  When  I?  is  greater  than  1 

2>        ir    Jol— *2pcos^H-p* 
and/^-'I=:p8^2pcoaO+i+2{p'~coBe)  cos  ^— 28in*^. 
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Hence 

Izl =1  +  2 (p-cos^) 

l-2pCOS^  +  2>2  ^     (;p-CO8  0)2-hBill2^ 

2sinS^ 


f*   -^— ooitf;  r*    ~z(p —009$) 

=l+2co8^|    *  cosjssin^cZ^— 2  8in^     •  BmzsinOdO. 

Jo  Jo 

Bj  tlu8  means  Fi  -  j  can  be  expressed  as  double  integral.     So  can 

F(j)),  but  then  p  must  be  less  than  unity. 

We  will  now  applj  these  considerations  to  the  solution  of  linear 
partial  differential  equations. 

Let  ¥($-,  ^V=0>  or  as  we  shall  write    it,  ¥(x^y—)u=0, 
\af  dfj/  \   dx     dy/ 

then  taking  as  before  a  specimen  term  Ax^y*^  m  and  n  must  be  con- 
nected by  the  relations  F(m,  n)=0.     Suppose  from  this  we  find 


Then,  as  will  be  seen  by  the  reasoning  employed  in  my  former  paper, 
the  equation  can  be  solved  if 


e 


Jojr  xp  /' 


can  be  expressed  in  the  form  fFQ'^dO,  which  brings  us  to  Case  II. 

The  same  process  may  in  certain  cases  be  applied  to  partial  differen- 
tial equations  with  three  independent  variables.  Consider  the  series 
A-^Ba:+B'y  +  Ca^'^C'xy  +  C'y  +  ,  .  .  .  .  when  A,  B,  B'  .  .  . 
are  arbitrary  constants.     This  may  be  written  on  Pois8on*s  principles 

ri(aj)-fF2aj.y  +  F3(a:).y«+     .     .     . 

when  F^,  Fg,  F3,  .  .  .  are  arbitrary  functions,  and  this  again 
F(aJ,  y)  when  F  is  an  arbitrary  function  of  the  two  variables. 

Now  consider  the  partial  differential  equation  -—=2— ,  or  as  I 

shall  write  it  J  js— _  jt*=2|aj — Vy__  W  and  let  Ajx^y^zf  be  a  specimen 

term  of  the  solution,  as  in  previous  cases,  then  r=:2mn,  and  our 
object  must  be  to  reduce  z'^^z^  to  the  form  /PQi^Qg"  ;  this  may  be 
easily  done  by  remembering  that  2mn=(m+n)*— wi^— n^,  for 


i: 


22 


Hence 
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\'-. 


J     __ 


e^a^-y^dM^e      s/'i 


and  therefore 


00 


also 


6 


-^  1 


if*,  t 

=-7=  I       €"/>*  COB  2mpdp,  and  so  for  e"^ , 

V  ?rj— » 


These  transformations  give  the  required  form. 
If  we  have  two  partial  differential  equations — 

K4  'I  •£>=»• 


K'E-  4  4>=°' 


then  substitute  as  before  Ax^y^sf  for  u ;  then  we  have  the  equations 

Fi(m,  n,  r)=0,  FgCw,  n,  r)=0, 
whence  m^=^(t>{r)y  n=x(*')>  ^"^^  ^^  ^*11  back  on  the  first  case. 


**0n  Certain  Definite  Integrals."     No.  14.     By  W.  H.  L. 
Russell,  A.B.,  F.R.S.    Received  June  18,  1885. 

It  follows  from  the  expansion  of  cos"d  in  terms  of  the  cosines  of  the 
multiples  of  ^,  that 


n— 1     n— 2            n— r  +  1      2«  f' 
n, — - — . — - —  .  .  .  ! — = — I 

2  3  r  ir]^ 


cos  7iO  COS  (n— 2r)^(id, 


and  consequently  this  theorem  can  be  used  in  the  summation  of  series 
involving  binomial  coefficients.  I  propose  to  give  a  few  examples  of 
this. 

From  the  binomial  theorem,  when  the  index  is  even,  we  have 

r^^  7pCOS^"^sin(n— l)^C08ng_  tt  /  o2«-i_i  _i  _(2n--l)  .  .  (n4-l)) 
Jo  sin^  22-1  1.2...(n-.l)f 

and  when  the  index  is  odd, 

cos**"*"^^  sin  nO  cos  nO 


Jo 


-'^ji     pJi+iJ 


sin^ 


Since  (l+x)»-*  =  (l+a;)»(l— a;-|-aj8_a^^     ....),  therefore 
eqaatiDg  the  coefRcienis  of  sf,  we  have 
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1— n+n.  _Z-— n  .  5ZL. .  ^^^+  .  .(r+1)  terms 

-(-l)r  (''-l)(«-2)(n-3)   ■  ■  .  .  (n-r) 

Hence        T  cos»-'^(i^  |  cos  (n+l)^+(-l*'co8  (n— 2r+l)^)  j 

—  ^f_iy(^-^)(^-^) (n-r) 

2»^       ^  1.2.3 r 


**  The  Vortex  Ring  Theory  of  Gases.  On  the  Law  of  the 
Distribution  of  Energy  among  the  Molecules."  By  J.  J. 
Thomson,  M.A.,  F.R.S.,  Fellow  of  Trinity  College,  Caven- 
dish Professor  of  Experimental  Physics  in  the  Univereity  of 
Cambridge.     Received  June  4,  1885. 

In  any  kinetic  theory  of  gases  the  statistical  method  of  investiga- 
tion must  be  nsed,  and  since  the  separate  molecules  of  the  gas 
are  supposed  to  possess  some  properties  to  very  different  extents,  it 
is  necessary  to  know  how  many  molecules  there  are  which  have  the 
measure  of  any  g^iven  property  between  certain  limits.  Thus  the 
question  of  the  distribution  of  configuration  and  velocity  amongst 
the  molecules  is  one  of  the  most  important  problems  in  any  theory  of 
gases. 

This  problem  has  been  solved  for  the  ordinary  solid  particle  theory 
by  Maxwell  and  Boltzmann,  and  their  researches  are  the  more  valu- 
able as  the  results  do  not  depend  on  any  assumption  about  the  law  of 
force  between  the  molecules. 

In  this  paper  I  shall  attempt  to  solve  the  same  problem  for  the 
vortex  atom  theory  of  gases.  In  this  case  the  question  is  a  little 
more  complicated,  as  the  radii  of  the  vortex  rings  can  vary  as  well  as 
their  velocities.  This  is  one  of  the  most  striking  differences  between 
the  two  theories ;  according  to  the  ordinary  theory  all  the  molecules 
of  a  gas  are  of  the  same  size,  according  to  the  vortex  atom  theory  the 
molecules  of  the  same  gas  vary  in  size.  If  this  be  true,  a  porous  plate 
of  the  requisite  degree  of  fineness  might  play  in  this  theory  the 
part  which  Maxwell's  demons  play  in  the  ordinary  theory.  For  let 
OS  suppose  that  we  have  two  chambers,  A  and  B,  separated  by  a 
porous  plate,  and  that  A  is  filled  with  gas  initially  while  B  is  empty, 
then  if  the  pores  in  the  porous  plate  are  so  fine  that  only  the  smaller 
molecules  can  get  through  from  A  to  B,  then,  though  some  of  th^ 
molecules  will  recross  the  plate,  acme  gas  will  remaaxx  m  "Q^  ^n^  \2ti^ 
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molecules  in  B  will,  on  the  whole,  be  moving  faster  than  those  in  A, 
and  so  maj  be  supposed  to  be  at  a  higher  temperature,  since  the 
smaller  the  radins  of  a  vortex  ring  the  greater  its  velocity.  Thus  B 
and  A  might  be  the  hot  and  cold  chambers  respectively  of  a  heat  engine, 
and  in  this  way  work  might  be  derived  from  the  gas  which  was  origi- 
nally at  a  uniform  temperature,  so  that  this  arrangement  would  nut 
obey  the  second  law  of  thermodynamics. 

If  the  molecule  on  the  vortex  atom  theory  of  matter  consisted  of  a 
single  ring  its  velocity  of  translation  would  be  a  function  only  of  its 
radius.  It  is,  however,  for  several  reasons  advisable  to  take  a  more 
general  case,  and  to  suppose  that  the  molecule  consists  of  several 
rings  linked  through  each  other,  the  rings  being  nearly  equal  in 
radius,  and  also  nearly  coincident  in  position;  or  what  is  perhaps 
better,  we  may  suppose  that  the  vortex  core  forms  an  endless  chain, 
but  that  instead  of  being  a  single  loop  like  the  simple  ring,  it  is 
looped  into  a  great  many  coils  nearly  equal  in  radius  and  nearly  co- 
incident in  position.  We  may  realise  this  way  of  arranging  the 
vortex  core  if  we  take  a  cylindrical  rod  whose  length  is  great  com- 
pared with  its  radius,  and  describe  on  its  surface  a  screw  with  n 
threads  so  that  the  threads  make  7n(n  turns  in  the  length  of  the  rod, 
where  m  is  an  integer  not  divisible  by  n.  Then  bend  the  rod  into  a 
circle  and  join  the  ends,  the  threads  of  the  screw  will  form  an  endless 
chain  with  n  loops,  aud  we  may  suppose  that  this  represents  the  way 
in  which  the  vortex  rings  are  arranged ;  it  is  shewn,  however,  in  my 
"  Treatise  on  the  Motion  of  Vortex  Rings  "  that  this  way  of  arranging 
the  vortex  core  is  unstable  if  n  be  greater  than  six.  When  the  vortex 
core  is  arranged  in  the  way  just  described,  the  velocity  of  translation  is 
no  longer  a  function  of  the  size  of  the  ring  alone ;  at  the  same  time  when 
a  vortex  ring  of  this  kind  moves  about  in  a  fluid  where  the  velocity  is 
not  uniform,  the  change  in  the  velocity  of  the  ring  will  be  due  chiefly 
to  the  change  in  its  radius.  For  the  velocity  at  a  small  distance  d 
from  the  circular  axis  of  a  vortex  ring  whose  radius  is  a  and  strength 
in  is — 

log—, 


so  that  as  Safd  is  very  large,  a  change  ha  in  the  radius  of  the  ring 
produces  a  change  in  the  velocity  approximately  equal  to — 

ha       7ti    t      Sa 
a      Ytira  a 

while  a  change  hd  in  the  distance  of  the  point  from  the  circular  axis 
of  the  ring  produces  a  change  in  the  velocity  equal  to — 

M      m 


d     2ira 
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ThoB  for  the  same  relative  changes  of  a  and  d  the  changes  in  the 
Yelocities  are  in  the  ratio  of  log  8a/i  to  1,  and  as  log  %ajd  is  very 
great,  we  may  neglect  the  change  in  the  velocity  of  the  ring  produced 
by  the  alteration  in  the  distance  between  the  loops  in  comparison 
witb  that  produced  by  the  alteration  in  the  size  of  the  ring. 

The  kinetic  energy  of  a  quantity  of  fluid  containing  vortex  rings  of 
this  kind  may  conveniently  be  divided  into  several  parts.  The  first 
part  consists  of  the  kinetic  energy  of  the  irrotationally  moving  fluid 
surrounding  the  ring,  the  second  part  of  the  kinetic  energy  of  the 
rotationally  moving  fluid ;  this  again  may  conveniently  be  divided 
into  two  parts,  one  part  being  the  kinetic  energy  due  to  the  rotation 
in  the  core,  and  the  other  that  due  to  the  translational  velocity  of  the 
vortex  core. 

The  kinetic  energy  of  the  irrotationally  moving  liquid  surrounding 
the  ring  may  be  expressed  in  several  ways ;  it  is  equal  to  the  strength 
of  the  ring  multiplied  by  the  rate  of  flow  of  the  fluid  through  it ;  the 
most  convenient  expression  for  our  purpose,  however,  is 

Ara', 

where  v  is  the  velocity  of  translation  of  the  vortex  ring  resolved 
along  the  normal  to  its  plane,  a  is  the  radius  of  the  ring  and  A  a 
constant. 

(See  p.  12  of  my  "  Treatise  on  the  Motion  of  Yortex  Rings.") 
The  energy  due  to  the  rotation  of  the  vortex  core  is 

where  n  is  the  number  of  loops  in  the  ring,  p  the  density  of  the  fluid, 
and  m  the  strength  of  the  ring. 

The  kinetic  energy  due  to  the  translational  velocity  of  the  ring  is 

where  M  is  the  mass  of  fluid  in  the  ring  and  w^-f-r^  +  M^  the  square  of 
the  velocity  of  the  ring. 

Thus  if  T  be  the  whole  kinetic  energy  due  to  the  ring — 

T = Ava» + inar^^m^a + iM  (tt« + 1;3  ^  ^2) . 

Let  ns  consider  a  vortex  ring  placed  in  a  fluid  where  there  is  a 
velocity  potential  Q  independent  of  that  due  to  the  vortex  ring  itself, 
the  value  of  Q  is  supposed  to  be  known  at  every  point  of  the  fluid. 

We  have  to  fix  the  position,  size,  and  motion  of  the  ring.  We  can 
do  this  if  we  know  the  coordinates  (a?,  y,  z)  of  its  centre,  its  radius 
(a),  the  direction  cosines  {l^  w,  n)  of  its  plane,  and  V  that  part  of  the 
velocity  at  the  ring  which  is  due  to  the  ring  itself.  V  is  not  lie^^^- 
sarily  the  actual  velocitj  oi  the  ring,  for  this  latter  quautW^y  i.'^  >J[i^ 
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resultant  of  V,  and  the  velocity  whose  components  are  dQ/dXf  dQ/dy, 
dQ/dz. 

Let  ^z=.lafy    fj—maPy     ^=znaP,     «=Vy. 

Then  we  shall  prove  that  it  is  possible  to  determine  p  and  q  so  that 
the  number  of  molecules  which  have  the  values  of  x,  y,  z^  f,  i/,  ^,  «, 
between  x,  y,  «,  f ,  iy,  f,  «,  and  x-^dx,  y-k-dy,  z-\-dz,  f+c^f,  */  +  d7» 
f-hrff,  w-hdoj,  and  for  which  the  kinetic  energy  of  the  molecule  and 
the  suiTOunding  fluid  is  T,  is  when  the  gas  is  in  a  uniform  and  steady 
state — 

Ce'^'^dxdydzdidrid^doo^ 

where  G  is  some  constant  determined  by  the  number  of  molecules  in 
the  gas. 

We  shall  first  prove  that  this  represents  a  possible  distribution 
among  the  molecules  of  the  quantities  denoted  by  f ,  iy,  f,  w,  when  the 
vortex  rings  are  moving  in  a  fluid  whose  velocity  varies  from  point  to 
point ;  we  disregard  for  the  present  the  eflfects  of  any  collisions  which 
may  take  place  among  the  vortex  rings  themselves.  In  this  case  the 
rings  are  supposed  to  be  so  far  apart  that  they  do  not  influence  each 
other,  so  that  the  velocity  of  any  ring  is  the  same  as  if  the  others  did 
not  exist.  T  represents  the  kinetic  energy  due  to  the  ring  and  the 
distribution  of  velocity  potential  Q  on  this  supposition. 

We  have  to  prove  that  if  the  distribution  bo  represented  by  this 
expression  at  any  time,  it  will  continue  to  be  represented  by  it.  This 
will  be  the  case  if  the  expression 

Ce~^'^dxdydzd£drjd^da)^ 

remains  constant  as  the  molecules  move  about.  Now  T,  the  kinetic 
energy,  remains  constant,  so  that  we  have  to  prove  that 

dxdydzd£d  rjd^dw 

also  remains  constant. 

Since  Q  is  the  part  of  the  velocity  potential  which  is  not  due  to 
the  rings  themselves,  by  the  equations  on  pages  65  and  66  of  my 
**  Treatise  on  the  Motion  of  Vortex  Rings,'*  we  have — 

da__     1     d^Cl 
dt"     '""dh^' 

dl_  d^Qd^Q 
dt      dh^      dJidx 

dm_     rfSQ      d2Q 
d^ ""     dh^      dhdy 

dn_    d^Q     d^Q  ^ 
dt  "^^"dhdz  ' 
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where 


d  ^  d  d  .     d 

dh      dx        dy      dz' 


80  that  if  ^,  hly  ^n,  Bn  be  the  changes  in  I,  m,  n  respectively  in  the 
imall  time  t  then — 


5a=— ^ 


dh^''' 


il=:f 


d^Q 


^911=  I  fn 


dh^ 
cPQ 


d^Q\ 
dhdxj' 


.       f   d^Q      d^Q\ 
£n=i  n — -— It, 

V    dh^     dhdzj  ' 


dh^     dhdy 
d^Q      d^Q\ 


)'• 


and  if  &»,  5y,  ^  are  the  changes  in  x^y^z  in  the  time  t, 

5aj=t4T, 

where  w,  v,  u;  are  the  component  velocities  of  the  centre  of  the 
vortex  ring. 

L«t  x\  y\  z\  w',  f ,  iy',  f'  be  the  valnes  of  «,  y,  z,   w,  f,  17,  f  respec- 
tively after  the  time  t,  then — 

y'=y-ft;T, 


bat  since 


Now  the  change  in  Y  will  be  due  to  the  change  in  the  shape  and 
size  of  the  ring,  and  as  we  saw  before  that  this  is  due  almost  entirely 
to  the  chaDge  in  the  radios,  thns  the  change  in  V  will  be  —  Y^a/a,  or 
snbstitating  for  ha  its  valne — 


ilms 


1^  ^O 
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i 


= S+par-^^Ua + afol. 
Snbstitating  for  Sa  and  il,  their  yalnes,  we  get 


dxdy        dxdz 


> 


SimUarly, 


1      (PQ    .     d^Q 


dh^ 


dh^ 


_CpdKl        ePQ        d«Q\ 
yi^'^^'lyi'^^d^r 


-(f^+. 


dxdz 


dydz       dz^  J 


If  we  neglect  the  sqnares  of  Bx,  by,  Bz,  Bw,  S(,  ^,  £^, 

dx'dy'dzdw'di'dffd^ = dxdydzdivd(df,di  {^  "^  i^-^T  ^^^^ 


.dBwdB^     dhrj     dh^  \ 
dw      d^      dn      d^  i 


d^      drj      df 
Now 

And  by  the  equations  written  above 


dAJi     dv     dw  _^ 
dx     dy      dz 


d.hw     1    d^Q 


IU3 


dh^     ' 


and 


d.tj    d.Bri     d.S^_ 
d£       drj       d^ 


f  on      1    \^Q   .  n      1   ^/'lr^   .     <^   .     d\dH 


But 


and  since 


(i2Q       ^Q       (^SQ 


}}■ 


+  ^O"=0, 


^-1 


daj2  ^   dl/2  ^   Ci;j2 


3r+ 


(2 

J-+ 


(Z2Q    . 


; i_l2Q 


we  see  that  — -  is  a  homogeneous  function  of  f,  17,  f  of  zero  dimen- 
dir 

sions,  and  therefore  bj  Euler's  theorem 


{ 


_  d        d        d  1  d-Q      „ 
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hence  dx'dy'dzduyd^drid^ 

d^Q\ 


^dxdydzdwdSdrid^  (\  +  {i(^  +  3(1  -  \p)  }^\ 


so  that  if 


5=3(1.-2) 
dx'dydzdiv'di'drid!^ = dxdydzdwdfdffd^, 
and  therefore  the  distribution  represented  by  the  expression 

C  e'^'^dxdydzdtvd^dfjd^, 

will  be  permanent  if  there  are  no  collisions  between  the  molecnles. 

We  shall  now  go  on  to  shew  that  this  expression  will  represent  the 
distribution  of  coordinates  and  momenta  among  the  molecules  even 
when  collisions  take  place,  at  any  rate  if  the  collisions  are  not  very 
violent. 

Let  us  call  the  group  of  molecules  which  have  the  quantities  a;,  y,  z, 
f»7,  f,  «»»  between  aj,  y,  «,  f,  17,  f,  w,  and  x  +  dx,  y-^-dy,  z  +  dz,  f-|-(if, 
V^^y  f+^ff  w-^-du)  the  group  A.  The  number  of  molecules  in  this 
group  is 

Ge^^'^dx  dydzdtodldfjd^, 

all  the  symbols  having  the  same  meaning  as  before. 

Let  us  consider  another  group  of  molecules  which  have  their  co- 
ordinates between  o^,  y^  Zj,  f^,  i/^,  f^,  Wj,  and  Xi-^dx^,  yi  +  ^yi>  «i  +  <&ii 
fi+^fi»  7i+^7i>  fi+^?i»  ^i  +  dtv^.  We  shall  call  this  group  B.  The 
number  of  molecules  in  this  group  is 

De'^^^dxidyidzid^-^,  drj^d^idw^. 

We  shall  suppose  that  the  molecules  of  the  A  group  come  into 
collision  with  those  of  the  B  group,  and  that  the  values  of  the  co-ordi- 
nates after  the  collision  are  denoted  by  putting  dashes  to  the  letters 
which  denoted  the  corresponding  coordinates  before  the  collision. 

In  my  "  Treatise  on  the  Motion  of  Vortex  Rings  "  it  is  proved  that 
the  effects  of  a  collision  depend  on,  in  addition  to  the  quantities 
already  specified,  the  angle  which  the  line  joining  the  centres  of  the 
rings  when  they  are  nearest  together  makes  with  the  shortest  distance 
between  the  directions  of  motion  of  the  rings  ;  let  us  call  this  angle  <f>. 
0  is  positive  for  the  ring  which  first  passes  through  the  shortest 
distance  between  the  directions  of  motion  of  the  ring,  negative  for  the 
other  ring,  and  it  may  have  any  value  between  —  9r/2  and  w/2. 

We  may  suppose  that  a  collision  takes  place  when  the  shortest 
distance  between  the  centres  of  the  two  rings  is  less  than  some 
assigned  value ;  it  is  not,  however,  necessary  to  limit  ourselves  to  any 
partdciilar  way  of  defining  a  collision. 
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Let  7cZ0  be  tlie  fraction  of  the  nnmber  of  pairs  of  molecnles  which 
come  into  collision  in  the  unit  of  time  and  contain  one  molecnle  from 
the  group  A  and  another  from  the  group  B,  and  for  which  0  is 
between  0  and  0+i0.  Then  if  the  states  in  which  the  A  and  B 
molecules  are  in  after  the  collision  be  called  A'  and  B'  respectively, 
the  number  of  pairs  of  molecules  which  in  the  unit  of  time  leave  the 
state  { AB}  and  enter  the  state  { A'B'}  is — 

IP 

"T 

Now  the  distribution  will  be  steady  if  this  equals  the  number  of 
molecules  which  leave  the  state  {A'B'}  in  the  unit  of  time,  but  this 
number  is — 

We  can  see  that  if  the  gas  does  not  exhibit  vector  properties  7 
must  equal  7'.  For  since  the  motion  is  reversible,  if  any  two  molecules 
whose  coordinates  are  f,  iy,'f,  w;  f^,  ly^,  f^,  Wj,  come  into  collision,  then 
the  molecules  whose  coordinates  are  — f,  —1;,  — f,  uj;  — f^,  — ly^, 
—  ?i>  <^i»  ^^^  s-lso  collide.  Let  these  latter  molecules  be  said  to  be  in 
the  states  (—A'),  (— B')  respectively.  Thns  the  percentage  of  collision 
for  the  states  (AB),  that  is  for  collisions  between  two  molecules  in  the 
states  A  and  B,  respectively  is  the  same  as  for  the  state  (—A',  — B'). 
But  since  as  many  molecules  are  moving  in  any  direction  as  in  the 
opposite,  the  number  of  molecules  in  the  state  —A'  will  equal  the 
number  in  the  state  A',  and  similarly  the  number  of  molecules  in  the 
state  —  B'  is  the  same  as  the  number  in  the  state  B',  and  since  the 
gas  exhibits  no  vector  properties,  the  mean  path  between  the  collisions 
between  the  molecules  in  the  states  A'  and  B'  must  equal  the  mean 
path  between  the  collisions  between  the  molecules  in  the  states  —A' 
and  —  B' ;  and  thus  the  percentage  of  collisions  must  be  the  same. 
So  that  the  percentage  for  the  state  (A'B')  equals  the  percentage  for 
the  state  ( — A',  —  B'),  but  this,  as  we  saw,  equals  the  percentage  for 
the  state  AB  ;  and,  therefore,  the  percentage  for  the  state  AB 
equals  the  percentage  for  the  state  (A'B') ;  or  7=7'.  Since  the 
collision  may  be  fixed  with  regard  to  either  molecule,  and  since  0  is 
positive  for  one  molecule,  negative  for  the  other,  we  see  that  7  cannot 
change  sign  with  0,  so  that  if  7  is  a  function  of  0  it  must  be  one  of 
the  form — 

7=7q4-7iCOS0  +  72COS  20+.  ... 
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Again,  dxdydz=^dx'dy'dz' 

dxidy-^dz-^^^dx  ^dy  \d^'^ 

and  none  of  the  quantities  are  f  anctions  of  0. 

We  have  also  since  the  total  kinetic  energy  is  not  changed  by  the 
collision  T  +  T|=T'+  T/,  and  neither  of  these  quantities  is  a  function 
of  0.  Since  this  is  so,  we  see  that  the  expressions  we  have  assamed 
will  represent  a  steady  distribution  if — 

I      *^d(p{dj^dfid^dwd(-^dri-^d^ydu}'^'='\     <^d(/>(^d^'dtf'd^du)^d£\dfj\d^Y^w'-^), 

Let  us  suppose  that  the  collisions  are  not  violent  enough  to  make 
the  vortex  rings  deviate  greatly  from  their  circular  forms,  and  let  us 
consider  the  effect  produced  on  an  A  molecule  by  collision  with  a  B 
molecule.  Let  Q'  be  the  potential  due  to  the  6  molecule,  then  just 
as  before  we  have — 


tt;=«i}-i-«aci;i         -at 


r+c 
P=^-^(^-h>)£l^^dt^{sl^—dt-^,^^^ 

with  similar  expressions  for  rj'  and  f'.     Here  h  is  drawn  along  the 
normal  to  the  A  molecule,  and  the  coordiDates  are  supposed  to  be 
changed  by  the  collision  by  only  a  small  fraction  of  their  values. 
Now  the  only  thing  that  makes  any  difference  between  this  case 

and  the  former  one  is  that  now         — --  dt  ia   b,  function   of    v,   and 

J-oodh^ 

therefore  of  to.     If  therefore  we  assume  that  3(2?— 2)= g^,  we  have 
d£'d^'d^'dw'==d£dfidSdw{l+^wA[^''^dt  ] 

Now   I      — -dt  is  proportional  to  the  change  in  w,  and  therefore, 
J  -«  dh^ 

by  §  29  of  my  "  Treatise  on  Yortex  Motion  "  is  of  the  form  /  sin  30, 

where/  is  a  function  of  to  but  not  of  0,  thus  : — 


d^dij'dt^dto' = dldrfdJ^dto{l  +  \qto-J-  sin  30} . 

dto 


Similarly 


d^idrf\d^^dio\=idSidtiidl^idtoi{l  -j-^qw^^  sin  30}, 

actfi 
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60  that  neglecting  the  sqaares  of  small  quantities 


J^/y«.f    J     a^^ 


dl'dTj'd^dw^dS^idff  \dto\=zd(d7jd^dwd^idrjid^ida)i{  1 + \qwJ-  sin  30 

dto 


du) 


and  therefore 


IP  V 

I      ^d<p{d('dri'd^'dw'id^idrf  \d^'dw  ]  =  I      7d0{df diytff (?w(if iC?i/i(?f j^dwj} , 


Since  we  see  from  the  form  of  7  that — 


1; 


'  sin  307^^=0. 


Thns  the  condition  for  a  steady  distribution  is  satisfied,  and  we 
therefore  conclude  that  a  possible  distribution  of  the  values  of  the 
coordinates  among  the  molecules  of  the  gas  is  represented  by  the 
expression — 

Ce'^'^d^drjd^dwdxdydz, 

where  f=Za^,  ri=^maPf  ^z^naPy  w=zv9 

and  3(p'-2)=q. 

Let  us  consider  the  case  when  there  i8.-"^o  external  disturbance  in 
the  fluid  containing  the  vortex  rings ;  the  distribution  will  be  uniform 
in  all  parts  of  the  fluid,  so  that  the  number  of  molecules  which  have 
the  quantities  f,  17,  f,  w,  between  f,  17,  f,  w  and  S+d^,  7+<^>  f  4-<^Ci 
oj  +  du  is  independent  of  aj,  y,  z,  and  so  by  the  above  formula  will  be 
proportional  to — 

e~^^d^drjd^du), 

or  if  the  normals  to  the  planes  of  the  vortex  rings  point  uniformly  in 
all  directions  the  number  of  molecules  which  have  a  between  a  and 
a  +  da,  V  between  v  and  v-^dv  is  proportional  to — 

e~^'^a^~'^v9-'^dadvy 

or  substituting  for  q  the  value  3(^  —  2) 

e-^'^a^r-^v^F-ldadv. 

Though  in  the  kind  of  molecule  we  are  considering,  a  and  v  may 
be  treated  as  independent  variables,  still  the  limits  of  v  depend  upon 
the  value  of  a.     For  suppose  the  molecule  to  consist  of   n  rings 
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linked  togetlier,  then  for  Aiig^ven  value  of  a  the  velocity  of  the 
molecnle  will  be  least  when  the  links  are  so  far  apart  that  they  do  not 
greatly  affect  each  other's  velocity  ;  in  this  case  v  will  equal — 

log—, 


27ra         e 

the  velocity  of  the  molecule  will  be  greatest  when  the  n  rings  are 
close  together  ;  in  this  case  v  will  equal — 

o—  ^^^  — 

So  that  if  we  integrate  first  with  respect  to  o  we  must  do  so  between 
these  limits. 

Since,  however — 

we  cannot  perform  the  integration  except  between  the  limits  zero  and 
infinity  for  both  a  and  v ;  if,  however,  n  be  large,  or  the  molecule 
complicated,  the  results  got  by  integration  between  the  limits — 

J!Llog§^and^log§^ 
2wa         e         2tira  e 


for  V  and  zero  and  infinity  for  a  will  not  differ  much  from  those  got  by 
integrating  between  zerc  and  infinity  for  both  a  and  v. 

The  second  term  in  the^xpression  for  the  kinetic  energy  is  very 
small  compared  with'  th^  nrst,  so  that  it  may  be  neglected  without 
causing  sensible  error.  We  shall  find  it  convenient  to  take  as  new 
variables  the  two  remaining  terms  in  the  expression  for  the  kinetic 
energy ;  we  shall  call  these  new  variables  x  and  /9  respectively,  where 
»  denotes  the  energy  in  the  fiuid  surrounding  the  ring,  p  the  energy 
due  to  the  translation  al  velocity  of  the  ring,  so  that— 

iMt;3=/3, 
and  therefore 


so  that 


dadv = — — — -^cladS, 
M.Aav* 


where  C  is  a  new  constant. 

Thus  the  number  of  mol^ules  which  have  the  energy  in  the  fin  id 
surrounding  them  between  a  and  (»+5«,  and  also  the  energy  due  to 
the  translational  velocity  of  the  ring  between  fi  and  ^-V^p  \^ — 
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and  if  the  molecule  is  so  complex  that  a  and  /9  may  he  regarded  as 
independent,  then  the  limits  of  a  and  /9  are  zero  and  infinity. 

The  quantity  jp  is  at  present  undetermined. 

Let  us  apply  this  result  to  find  the  pressure  of  a  gas  on  the 
sides  of  the  vessel  which  contains  it.  To  do  this  we  must  consider 
what  takes  place  at  the  sides  of  the  vessel.  The  general 
nature  of  this  action  was  described  by  Sir  William  Thomson 
(**  Nature/'  vol.  xxiv,  p.  47).  As  the  vortex  rings  move  up  to  the 
sides  of  bhe  vessel  they  swell  out  and  move  slowly  up  the  bounding 
surface,  where  they  form  a  layer  of  swollen  vortices  sticking  to  the 
sides  of  the  vessel.  A  vortex  ring  coming  up  to  the  surface  tends 
to  wash  o£E  the  vortex  rings  attached  to  the  surface  on  either  side  of 
it,  so  that  when  things  have  got  into  a  state  of  equilibrium  there  is  a 
vortex  ring  washed  off  for  each  one  that  comes  up.  Thus  the 
pressure  on  the  surface  of  the  vessel  will  be  the  same  as  if  the  vortex 
ring  struck  against  the  surface  and  was  reflected  away  again  with 
its  velocity  rovei*sed,  if  we  assume,  as  seems  natural,  that  the  average 
velocity  of  the  rings  leaving  the  surface  is  the  same  as  of  those 
approaching  it.  Thus  each  ring  that  comes  up  may  be  looked  upon 
as  communicating  twice  its  momentum  to  the  surface,  and  we  can 
explain  the  pressure  of  a  gas,  just  as  in  the  ordinary  theory.  We 
have  to  remark  here,  however,  that  the  phrase  momentum  of  the 
vortex  ring  is  ambiguous,  as  there  are  two  different  momenta  con- 
nected with  the  ring ;  there  is  (I )  the  momentum  of  the  ring  and  the 
fluid  surrounding  it ;  and  (2)  the  momentum  of  the  fluid  forming  the 
ring  alone  ;  this  is  proportional  to  the  velocity  of  the  ring,  while  (1) 
is  not  only  not  proportional  to  the  velocity,  but  in  the  single  ring 
decreases  as  the  velocity  of  the  ring  increases  ;  in  a  very  complex  ring 
it  does  not  necessarily  do  this,  but  even  in  this  case  it  is  not  propor- 
tional to  the  velocity. 

Now,  when  a  vortex  ring  gets  stopped  by  a  surface  the  question 
arises  whether  the  momentum  communicated  to  the  surface  is  the 
momentum  (1)  or  (2).  The  answer  to  this  question  depends  on  what 
we  consider  the  nature  of  the  surface  to  be.  If  the  surface  stops  the 
fluid  as  well  as  the  ring,  then  no  doubt  (1)  is  the  momentum  which  is 
communicated  to  the  surface.  If,  however,  the  surface  stops  the  ring 
but  allows  the  gi^eater  part  of  the  fluid  to  flow  on,  then  the  momen- 
tum communicated  to  the  surface  is  evidently  approximately  equal  to 
(2).  If  we  consider  that  the  surface  is  formed  of  vortex  rings  the 
latter  supposition  seems  the  more  probable,  as  the  fluid  in  which  the 
rings  move  can  hardly  be  supposed  to  be  stopped  by  such  a  porous 
surface.  We  may  illustrate  this  by  a  mechanical  analogy.  Let  us 
tiuppose  that  ive   have  a  number  of   anchor  rings  with  circulation 
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established  round  them  moying  about  in  water,  and  striking  against 
a  grating  immersed  in  it.  The  momentnm  of  the  anchor  ring  will 
consist  of  two  parts,  one  dae  to  the  circalation,  the  other  due  to  the 
translational  velocity  of  the  ring.  If  the  grating  is  so  fine  that  the 
openings  are  only  a  small  fraction  of  the  whole  area,  then  the 
momentum  communicated  to  the  grating  will  be  the  whole  momen- 
tum ;  if,  however,  the  grating  is  a  coarse  one,  so  that  the  openings 
form  the  larger  portion  of  the  area,  then  the  momentum  communi- 
cated to  the  grating  will  only  be  the  momentum  of  the  ring  itself. 
And  this  seems  to  correspond  to  the  case  of  vortex  motion. 

Thus  if  a  be  the  velocity  of  the  gas  resolved  along  the  normal  to 
the  boundary  surface,  the  pressure  on  the  surface  per  unit  of  area  or 
the  momentum  communicated  to  it  per  unit  of  time  is — 

22Ma« 
=§2Mt;3 

osing  the  same  notation  as  before. 

Now,  the  number  of  molecules  which  have  the  quantities  a  and  fl 
between  atj  ff  and  a-^dx,  fi-^dfi  ia  proportional  to — 

e  «  «  p   ♦  dxdfi, 

80  that  if  N  be  the  number  of  molecules — 


where  r(n)  is  written  for 


i 


00 


e~'as^~^dx 

0 


and  the  molecale  is  supposed  to  be  so  complex  that  we  may,  without 
sensible  error,  suppose  the  limits  of  «  and  /3  to  be  zero  and  infinity. 

We  may  take  Ijh  as  proportional  to  the  temperature  0  of  the  gas, 
since  it  is  the  same  for  each  of  two  gases  which  are  in  contact 
with  each  other,  and  is  also  proportional  to  the  mean  kinetic  energy 
of  the  rings  themselves. 

Substituting  the  above  value  for  e/9,  we  see  that  the  pressure  equals 

and  thns  varies  as  1S0. 
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Thus  Bojle  and  Gkij-Lnssao's  laws  follow  from  the  vortex  atom 
theory. 

At  present  the  quantity  p  is  quite  undetermined.  It  could  be 
determined  by  comparing  the  coefficients  of  viscosity  and  the  conduc- 
tivity fpr  heat  of  the  gas,  since  these  depend  on  the  mean  values  of 
different  powers  of  /9,  and  the  ratio  of  such  quantities  evidently 
depends  on  p.  In  this  paper  I  shall  not  consider  the  theory  of  the 
conduction  of  heat.  If  it  were  the  same  on  the  vortex  atom  theory 
of  gases  as  on  the  ordinary  theory,  then  the  distribution  of  velocities 
would  follow  Maxwell's  law,  as  the  values  of  the  ratio  of  the  coeffi* 
cient  of  viscosity  to  the  conductivify  deduced  from  this  law  agree 
&irly  well  with  experiment.     For  this  to  be  the 


or 


i 


and  the  number  of  molecules  which  have  the  quantities  a  and  /3 
between  «  and  a+^«9  /^  and  /9+^/9  would  be  proportional  to — 
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"  The  History  of  the  Kew  Observatory."  By  Robert  Henry 
Scott,  MA.,  F.R.S.,  Secretary  to  the  Meteorological  Council. 
Received  and  read  June  18,  1885.* 

Thi  building,  known  by  a  misnomer  of  at  least  half  a  century's 
date  as  the  Kew  Observatory,  while  it  is  really  situated  at  Richmond, 
is  erected  on,  or  close  to,  a  part  of  the  foundations  of  a  much  earlier 
structure,  the  old  Carthusian  Priory  of  Jesus  of  Bethlehem. 

We  learn  from  Crisp's  *^  Richmond "  that  '*  the  ancient  hamlet  of 
West  Sheen  occupied  that  portion  of  land  now  known  as  the  Richmond 
Oardens,  or  Old  Deer  Park,  and  for  the  site  of  which  hamlet  or  village 
we  may  perhaps  take  with  tolerable  correctness  the  present  Observa- 
tory as  the  centre." 

The  Observatory  is  situated  upon  a  low  mound,  which  is  apparently 
arcificial.  The  central  part  of  the  building  stands  upon  vaulting  con- 
structed of  bricks,  difEering  in  character  from  modem  "stock"  bricks, 
being  soft,  red,  thinner  and  narrower.  Similar  bricks  are  to  be  found 
in  the  walls  of  Richmond  Palace  (Crisp,  p.  123),  and  such  have  been 
mainly  used  in  the  construction  of  the  basement  of  the  Observatory, 
up  to  the  stone  course. 

The  basement  is  surrounded  by  three  successive  square  rings  of 
vaulting,  of  which  the  innermost  is  5  feet  wide  by  8  feet  high,  the 
second  8  feet  by  6  feet  high,  and  the  third  and  last  6  feet  6  inches  by 
5  feet  high.  This  vaulting  is  constructed  of  bricks  similar  to  those 
used  in  the  upper  part  of  the  building,  which  resemble  the  bricks  of 
the  present  day. 

Crisp's  statement,  given  above,  is  not  absolutely  exact,  for  the  topo- 
graphical history  of  the  plot  of  land  bounded  on  the  one  side  by 
the  bend  of  the  river,  and  on  the  other  by  the  present  high  road  from 
Richmond  to  Kew,  the  old  "  Kew  Lane  "  (see  Fig.  3,  p.  46),  is  rather 
complicated.     Three  separate  domains  can,  however,  be  recognised — 

1.  Kew  Gardens. 

2.  Richmond  Gardens. 

3.  The  Old  Deer  Park. 

Of  the  three  domains  Nos.  1  and  2  were  separated  by  a  bridle  path 
called  ''Love  Lane,"  which  started  from  West  Sheen  Lane  near 
Richmond  Green,  and  ran  in  a  north  and  south  direction  to  the  Horse 

*  I  am  indebted  to  the  kindnem  of  seTeral  friends  for  much  aBsistsnoe  in  the 
prepantion  of  this  history,  particularlj  to  Dr.  B.  W.  Bond,  of  the  British  Museum, 
llr.  W.Tfaiselton  Pjrer,  F.B.S.,  and  to  the  members  of  the  staff  of  the  Ob^rs^JtATj . 
'"'A*  £U  0«  ... 
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Ferry  at  Brentford.  Nos.  2  and  3  were  quite  distinct,  thoagh  con- 
tiguous to  each  other,  whereas  the  above  quotation  from  Crisp  wonld 
convey  the  idea  that  the  two  names,  Richmond  Gardeus  and  the  Old 
Deer  Park,  were  applied  indiscriminately  to  the  same  area. 

1.  Kew  Gardens  lay  to  the  east  of  Love  Lane,  they  were  the 
gardens  of  Kew  House,  of  which  Frederick  Prince  of  Wales  (son  of 
George  II)  took  a  long  lease  from  Mr.  S.  Molyneuz,  his  secretary,  to 
whom  it  had  passed  by  his  marriage  with  Lady  Elizabeth,  grand-nieco 
of  Lord  Capel. 

Mr.  Samuel  Molyueux,  F.R.S.,  had  erected  an  observatory  in  a 
wing  of  the  house,  in  which  he  in  the  year  1725  made,  with  a 
telescope  of  his  own  construction,  in  conjunction  with  Bradley,  the 
famous  observations  which,  after  his  death,  were  continued  by  Bradley 
and  proved  the  Aberration  of  Light.  This  was  the  original  and  real 
Kew  Observatory. 

Kew  House  was  taken  down  in  1803,  and  the  present  sundial  on 
its  site  erected  by  William  lY,  in  1832.  The  inscription  on  that 
dial*  hardly  gives  sufficient  credit  to  Molyneux,  to  whom,  however, 
Bradley  does  full  justice  in  Phil.  Trans.,  Vol.  XXXV,  No.  406,  p.  637. 

2.  Richmond  Gardens  were  the  gardens  of  Richmond  Lodge, 
formerly  Ormonde  House;  of  this  area  37  acres,  including  12  taken 
from  the  Old  Deer  Park,  are  still  in  the  occupation  of  the  Royal 
Family. 

As  Dr.  Evans,  in  his  "Richmond  and  its  Vicinity  "  (2nd  Ed.,  1825), 
says  (p.  12), "  Richmond  Grardens  existed  and  were  in  the  zenith  of  their 
popularity  before  Kew  Gardens  emerged  into  distinction.'* 

3.  The  Old  Deer  Park  was  the  park  of  the  same  house,  which  stood 
between  it  and  the  gardens. 

As  to  the  origin  of  Richmond  Lodge,  we  have  to  go  further  back. 
Richmond  Palace  (or  the  Palace  of  Sheen,  as  it  was  called  before 
Henry  VII  gave  the  village  the  name  of  Richmond)  was  the  Sheen 
Manor  House.  It  was  situated  on  the  south-west  side  of  Richmond 
Green,  near  the  river,  and  of  it  little  remains  save  an  archway  with 
the  Tudor  Arms  and  parts  of  the  outer  walls.  Edward  I  made  it  a 
palace,  and  it  continued  so  until  the  time  of  Charles  I.  Edward  III, 
Henry  VII,  and  Elizabeth  all  died  there.  Under  the  Commonwealth 
in  1650  it  was  sold,  and  after  the  Restoration  was  again  in  the  hands 
of  the  Crown,  and  it  had  been  mostly  pulled  down  in  the  seventeenth 

•  The  inscription  upon  the  dial  is  as  follows  : — "  On  this  spot,  in  1725,  the  Rct. 
James  Bradlej  made  the  first  observations  which  led  to  his  two  great  discoTeries — 
the  Aberration  of  Light  and  the  Nutation  of  the  Earth's  Axis.  The  telescope  which 
he  used  had  been  erected  bj  Samuel  Molyneux,  Esq.,  in  a  house  which  afterwards 
became  a  Sojal  residence,  and  was  taken  down  in  1803.  To  perpetuate  the  memory 
of  so  important  a  station,  this  dial  was  placed  on  it  in  1832,  by  command  of  His 
Most  QraciouB  Majesty  Xing  William  the  Fourth.'* 
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eentary.  On  a  part  of  the  site  the  Duke  of  QaeeuBberry's  house  was 
built. 

Itichmond  Lodge,  which  in  its  turn  became  the  Palace  of  Richmond, 
was  apparently  originally  the  Lodge  of  the  Palace  Park,  the  Old  Deer 
Park.  It  was  situated  near  the  present  Observatory.  The  gardens 
were  in  front  of  it,  the  park  at  the  back. 

Aa  r^;ardfl  the  position  of  the  Priory,  I  have  learnt  from  Dr.  Bond, 
of  the  British  Mnsenm,  that  all  the  recognised  aothorities  agree  in 
placing  the  Carthusian  Monastery  to  the  north  or  the  north-west  of  the 
old  Palace  of  Sheen.  Crisp  gives  an  engraving  of  the  MoDasterr 
before  its  demolition,  and  in  an  engraving  of  a  panoramic  view  of 
Richmond  by  Anthony  van  de  Wyngaerde,  dated  1562,  a  buildin;; 
resembling  Crisp's  view  is  shown  in  the  aite  of  the  Priory  indicated  in 
the  subjoined  map. 
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We  now  come  to  the  original  bnildings  on  the  actnal  site  of  the 
Observatory,  and  we  find  in  Crisp  the  following  statement : — 

'*  It  was  in  the  year  1414i  that  Henry  Y,  to  expiate,  as  it  has  been 
said,  the  crime  by  which  his  family  had  attained  to  the  crown  of 
England,  namely,  the  dethronement  and  mnrder  of  the  unfortunate 
Richard  II,  founded  here  a  *  famous  '  religious  house  for  forty  monks 
of  the  Carthusian  order,  under  the  name  of  *  The  House  of  Jesus  of 
Bethlehem  at  Sheen,'  by  which  name  it  was  incorporated,  and  one 
John  Wydrington  constituted  the  first  prior. 

''  At  the  same  time  that  Henry  founded  this  noble  priory,  he  like- 
wise built  and  endowed  another  one  at '  Syon '  on  the  opposite  bank 
of  the  river,  where  the  present  Syon  House  now  stands;  this  he 
dedicated  to  St.  Bridget,  for  sixty  nuns  of  that  order." 

Crisp  says,  '*  There  is  in  the  British  Museum  an  old  work,  in  whioh 
mention  is  made  of  these  two  *  relygious  houses,'  and  that '  it  is  there 
stat-ed  they  were  founded  for  the  reason  that  a  constant  succession  of 
holy  exercises  should  be  kept  up  night  and  day  to  the  end  of  time,  so 
that  when  the  devotions  at  one  convent  had  been  concluded,  at  the 
other  they  should  instantly  begin. 

"  Shakespeare  had  learned  from  the  works  of  old  chroniclers  and 
historians  the  reasons  given  for  the  institution  of  these  two  (houses), 
as  in  his  *  Henry  V '  he  makes  the  king,  prior  to  the  battle  of 
Agincourt,  utter  the  following  words : — 

"  *  Not  to-day,  O  Lord, 
O,  not  to-day  think  thou  upon  the  fault 
My  father  made  in  compassing  the  crown ! 
I  Richard's  body  haye  interred  anew, 
And  on  it  haye  bestowed  more  contrite  tears 
Than  from  it  issued  forced  drops  of  blood. 
Five  hundred  poor  I  hare  in  yearly  pay, 
Who  twice  a  day  their  withered  hands  hold  up 
Toward  Heaven,  to  pardon  blood  ;  and  I  have  built 
Two  chantries,  where  the  sad  and  solemn  priests 
Still  sing  for  Richard's  soul.' 

"  These  buildings  of  Sheen  and  Syon  were  both  of  them  stately 
edifices,  and  were  as  nobly  endowed." 

In  1541  the  monastery,  along  with  others,  was  suppressed.* 

*  Extract  from  Archeologia  Soc.  Antiq.,  Lond.,  vol.  xx,  App.  pp.  575,  576  :— 
''June  8,  1820.  William  Bray,  Esq.,  Treasurer,  exhibited  to  the  Society  an 
impression  from  the  seal  of  the  Carthusian  Priory,  which  formerly  existed  at  Shene, 
near  Richmond,  in  Surrey  ;  appended  to  an  indenture  between  John  Bokyngham, 
prior  of  that  house,  on  the  one  hand,  and  John  and  Joan  Rede,  of  Lewisham,  in 
Kent,  on  the  other,  respecting  a  garden  or  toft  in  East  Greenwich,  dated  in  the 
22nd  year  of  Henry  the  Sixth. 

"  The  impression  of  the  seal  is  small,  of  an  oval  shape,  and  has  a  representation  of 
t/ie  Adoration  of  the  iShepherds  in  the  area.    At  bottom  are  the  arms  of  France  and 
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Crisp  sajs  faither  :  "  It  was  in  the  year  1770*  that  the  village  or 
hamlet  of  West  Sheen  with  the  ancient  gateway  forming  the  entrance 
to,  or  rather  part  of,  the  priory,  and  eighteen  houses  with  large  pieces 
of  ground  attached,  were  pulled  down,  and  the  entire  site  converted 
into  park  or  pasture  land,  as  we  now  see  it;  but  the  antiquary  to 
whom  the  records  of  such  institutions  as  this  *  House  of  Jesns  of 
Bethlehem '  are  so  dear,  while  pondering  over  the  changes  which  have 
taken  place  in  Richmond,  and  observing  how  little  we  now  retain 
of  so  much  which  has  once  existed  here  as  the  work  of  our  Norman, 
Plantagenet,  and  Tudor  kings,  can  but  cherish  a  feeling  of  the  deepest 
regret  at  the  total  annihilation  of  the  ancient  priory  buildings  of 
Henry  V  at  Sheen." 

Richmond  Lodge,  or  House  (once  occupied  by  Cardinal  Wolsey), 
which  stood  at  no  great  distance  from  the  present  Observatory,  had 
been  granted  in  1707  by  Queen  Anne  to  the  Duke  of  Ormonde,  and 
partly  rebuilt  by  him,  in  the  year  1708-9,  on  the  site  of  an  old 
building  which  had  likewise  borne  the  name  of  the  Lodge  for  a  long 
period  of  years.  On  the  impeachment  of  the  duke  in  1715,  he  hastily 
left  the  country,  and  resided  at  Paris.  Ormonde  House  was  ap- 
parently unfinished  at  the  time.  The  Earl  of  Arran,  his  brother,  who 
purchased  the  property,  then  leased  for  the  term  of  about  ninety 
years,  sold  the  lease  to  the  Prince  of  Wales,  afterwards  George  II, 
of  whom,  both  before  and  after  his  saccession  to  the  throne,  it  was 
a  favourite  place  of  residence,  and  even  more  particularly  so  of  his 
qaeen  (Caroline).  From  this  cause  a  numerous  circle  gathered  in 
and  about  the  village  and  neighbourhood  of  Richmond,  forming  here 
the  court  of  the  reigning  monarch. 

Here,  in  the  garden  appertaining  to  this  lodge,  took  place  the 
interview  between  Queen  Caroline  and  Jeannie  Deans,  after  her 
journey  on  foot  from  Edinburgh  to  plead  for  the  life  of  her  sister 
Effie,  which  has  been  so  graphically  and  so  touchingly  described  by 
Sir  Walter  Scott  in  his  "  Heart  of  Midlothian." 

There  is  one  passage  in  the  dialogue  which  has  a  connection  with 
the  site  of  the  Observatory,  and  that  is  Jeannie 's  reply  to  the  Queen 
when  addressed  in  the  following  words : — 

*'  Stand  up,  young  woman,  and  tell  me  what  sort  of  a  barbarous 
people  your  countryfolk  are,  where  child  murder  is  become  so  common 
as  to  require  the  restraint  of  laws  like  yours." 

"  If  your  Leddyship  pleases,  there  are  many  places  besides  Scotland 
where  mithers  are  unkind  to  their  ain  flesh  and  blood." 

For  as  Crisp  says,  '*  It  cannot  be  denied  that  the  behaviour  of 
Caroline  had  been  unnatural  towards  her  son;  she  seems  to  have 

England  quarterly.    The  inscription  round,  when  read  at  length,  Ib — SigiUum  Domug 
Jhent  CkrisH  de  Beihlem  OrdinU  CartusiensU  de  SheneJ* 
•  1769,  £yaD«. 
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hated  him  thoronghljr  and  intensely — slighted  his  yonng  and  amiable 
wife — sided  with  his  father,  who  npon  all  occasions  behaved  towards 
him  with  harshness  and  severity;  and  when  on  her  deathbed  the 
prince  importuned  to  be  allowed  to  see  her,  and  sent  her  a  most 
affectionate  message,  refused  to  have  him  admitted  to  her  presence." 
And  therefore  *'  of  this  famous  Richmond  Lodge,  its  magnificent 
gardens,  the  statuary  and  the  numerous  and  singular  buildings  with 
which  the  Queen  of  George  II  had  at  such  an  extraordinary  outlay 
enriched  the  place,  the  remains  of  the  ancient  monastery  of  Sheen, 
the  large  and  embattled  Gothic  entrance,  and  the  numerous  houses 
still  appertaining  to  the  hamlet — we  have  now  not  a  vestige  left." 
For  **a  few  years  after  the  accession  of  George  III,  the  public,  more 
especially  of  Richmond  and  Kew,  were  surprised  to  learn  that  it  was 
His  Majesty's  intention  to  pull  down  the  whole  of  the  buildings  and 
convert  the  estate  into  a  large  pasturage  for  cattle,  which  intention 
was  duly  carried  out." 

'*It  was  at  the  time  asserted,  and  in  that  assertion  there  is  no 
doubt  much  truth,  that  the  young  King  so  detested  the  memory  of 
his  grandmother.  Queen  Caroline,  so  cherished  a  recollection  of  the 
unnatural  behaviour  which  she  had  always  shown  towards  his  late 
father,  Frederick,  Prince  of  Wales,  that  he  took  an  earnest  pleasure 
in  destroying  all  that  she  had  erected,  or  on  which  her  taste  and 
resources  had  been  expended.** 

To  return  to  the  topographical  description  of  the  property.  The 
Brentford  Horse  Ferry  was  superseded  by  the  erection  of  the  first 
Kew  Bridge  in  1759. 

In  1765  George  III  obtained  an  Act  (6  George  III)  for  the  shutting 
up  of  Love  Lane,  undertaking  in  return  to  maintain  Kew  Lane,  the 
present  high  road  from  Richmond  to  Kew  Bridge.  This  Act  was 
apparently  ineffective,  for  a  further  one  was  passed  in  1784  (25  George 
III). 

The  Palace  at  Kew  was  the  residence  of  Augusta  Princess  of  Wales, 
mother  of  George  III,  and  the  Observatory  attached  to  it  fell 
into  disuse.  Accordingly,  when  the  Transit  of  Venus  occurred  in 
1769,  facilities  for  observing  it  at  the  old  Kew  Observatory  did 
not  exist.  This  was  pointed  out  to  King  George  III  (apparently 
by  Dr.  Demainbray),  and  he  gave  orders  for  the  erection  of  an 
Observatory  in  the  Old  Deer  Park,  the  architect  being  Sir  William 
Chambers.  This  was  known  as  the  **  King's  Observatory,"  and  in  a 
paper*  by  the  late  Major- General  Gibbes  Rigaud,  it  is  further  styled 
"the  King's  Observatory  at  Kew.**  Dr.  Evans,  however,  calls  it  "The 
Royal  Observatory,"  and  speaks  of  it  as  being  at  Richmond. 

•  "  Dr.  Demainbraj  and  the  King's  Obserratorj  at  Kew.** — **  The  Obeervatory," 
October  2nd,  1882, 
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The  first  Superintendent  of  the  Observatoiy  was  Dr.  Stephen 
Charles  Tribondet  Demainbray,  descended  from  parents  who  had  fled 
to  London  from  France  on  the  Revocation  of  the  Edict  of  Nantes. 
This  gentleman,  after  a  varied  career  as  a  lecturer  on  science  in  varionft 
nniveniitiea  and  institations  in  these  islands  and  in  France,  had  settled 
in  London  aa  instructor  in  science  to  the  King  before  hig  accession, 
and  enbseqnently  to  Qaeen  Charlotte.  One  point  in  his  career 
shows  the  estimation  in  which  he  was  held  in  France.  I  gather 
from  Gleneral  Bigaud's  paper,  "In  France  (although  not  of  the 
religion  of  the  conntrj)  he  was  received  as  an  'Aaaocie  Ordinaire' 
and  member  of  the  Royal  Aca.denij ;  the  only  instance  of  a  declared 
Protestant  not  being  placed  on  the  list  termed  '  la  Liste  Etrangere.'  " 


Fia.  2.— Tbb  Xew  Obsekvatoby  fbou  tub  Souiu-Wkst. 

Latitude    51°  28'   6"  N. 
Longitude  ff'18'47"W. 

When  the  new  Observatory  was  finished,  Dr.  Demainbray  adjusted 
the  instruments  there  in  time  to  make  the  Transit  observation,  and 
was  ita  Superintendent  until  his  death  in  1782. 

George  III  frequently  attended  at  the  Observatory,  and  procured 
the  best  clocks  and  watches  that  conld  be  made  and  placed  them 
in  the  Observatory,  so  that  by  daily  observations  of  the  snn  when 
passing  the  meridian,  the  time  was  regnjated,  and  for  many  years 
the  accurate  time  for  the  regulation  of  the  clocks  in  both  Houses  of 
Parliament,  at  the  Horse  Guards,  St.  James's,  and  elsewhere,  was  taken 
from  the  King's  Observatory,  before  the  accommodation  was  so  well 
and  pnblicly  afforded  as  it  is  at  present  from  the  Royal  Observatory 
at  Greenwich,     The  clock  which  was  the  principal  tuafiVe&^e>7  ^V  ^^\« 
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Observatory  is  now  at  the  Patent  Mnsenm,  South  Kensington  (JSo. 
1426),  and  is  going  well.     It  bears  the  following  inscription  : — 

"This  clock  was  made  by  Benjamin  Yulliamj,  Clock-Maker  to 
the  King,  for  his  Majesty  Greorge  III,  by  whom  it  was  used  in  his 
private  observatory  at  Kew.  It  was  snccessively  the  property  of 
their  Majesties  George  IV  and  William  IV,  of  H.B.H.  The  dake  of 
Sussex,  and  of  their  Majesties  Ernest,  King  of  Hanover,  and  G^orgu, 
King  of  Hanover,  by  whom  it  was  given  to  Frances  Monlton,  widow  of 
Benjamin  Lewis  Vnlliamy,  eldest  son  of  the  maker,  April  18th,  1864.** 

His  Majesty  King  George  III,  with  the  assistance  of  Dr.  Demain- 
bray,  and  his  son  the  Rev.  Stephen  Demainbray  (who  held  and 
superintended  the  Observatory,  as  the  astronomer,  for  upwards  of 
fifly-eight  years  after  his  &tther*s  death)  procured  a  large  collection 
of  instruments,  models,  ^.,  besides  a  large  apparatus  for  experiments 
in  all  branches  of  natural  philosophy,  as  also  a  very  valuable  natural 
history  collection.  In  addition  to  these,  there  was  a  collection  of 
minerals  from  the  Hartz  mines ;  but  these  were  afterwards  given  by 
King  George  IV  to  the  British  Museum. 

The  Observatory  was  for  many  years  an  object  of  great  interest  to 
King  George  III,  and  the  Rev.  S.  Demainbray  was  for  a  length  of 
time  the  teacher  of  the  younger  members  of  the  King's  family,  who 
attended  at  the  Observatory  for  his  lectures  on  astronomy,  electricity, 
&c.  King  William  IV  also  took  great  interest  in  the  Observatory,  and 
frequently  visited  it. 

At  the  time  of  the  transfer  of  the  Observatory  to  the  British 
Association,  Mr.  S.  Demainbray  retired  on  a  pension,  and  he  died  in 
July,  1854,  at  the  age  of  ninety-five  years. 

Daring  the  latter  part  ot  the  fifty-eight  years  in  which  he  super- 
intended the  Observatory  he  was  assisted  by  his  nephew,  Stephen  Peter 
Rigaud,  Esq.,  Savilian  Professor  of  Astronomy  at  Oxford,  and  R^dclifPe 
Observer.  This  gentleman  took  charge  of  the  Observatory  during 
the  Oxford  vacations,  and  thus  enabled  his  uncle  to  reside  during 
those  periods  on  his  living  in  Wiltshire.  The  King's  Observatory 
lasted,  therefore,  for  seventy-one  years,  i.e.,  from  1769  to  1840. 

The  Observatory  itself  was  at  one  time  in  charge  of  a  curator 
named  John  Little,  who  was  hanged  in  1795  for  the  murder  of  two 
old  people  in  Richmond  to  whom  he  owed  money,  and  who  was 
strongly  suspected  of  having  murdered  a  carpenter  named  Stroud, 
who  was  discovered  in  the  principal  or  octagon  room  of  the  Observa- 
tory, the  body  lying  under  an  iron  vice.  The  St.  James's  Chronicle, 
in  August,  1 795,  in  giving  an  account  of  Little's  execution,  says,  "  from 
his  civil  deportment  he  was  in  general  the  only  attendant  on  His 
Majesty  when  he  walked  in  the  gardens."  The  inquest  on  Stroud 
at  a  previous  date  had  resulted  in  a  verdict  of  accidental  death. 

We  £nd  Jn  a  French  book,  Simond's  "  Voyage  en  Angleterre,"  8vo, 
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Paris,  1817,  the  account  of  an  amnsing  episode  in  tlie  aitroiiomical 
stodies  of  GFeorge  III  during  the  later  years  of  his  life. 

BxTBACT  FROM  Simond's  "  Votagk  EN  Anoleterrb."     Paris.  8vo,  1817. 

"  Le  roi  aime  I'astronomie,  et  a  nn  Observatoire  dans  nn  petit  pare 
k  Richmond,  appele  "  The  King's  Paddock.**  II  y  a  nn  grand  telescope 
de  Herschel ;  nn  instrument  des  passages  (transit)  de  hnit  pieds  de 
long,  fk  travers  leqnel  nons  observ^mes  passant  le  meridien;  un 
instrument  vertical  de  donze  pieds,  pour  les  observations  an  zenith; 
nn  mural  de  huit  pieds  de  rayon ;  un  telescope  equatorial,  et  plusieurs 
autres  instrumens  moins  considerables ;  quelques  modeles  de  machines, 
entre  autres,  une  pour  determiner  la  pression  lat6rale  des  voiites; 
nne  collection  de  mineraux,  et  un  cabinet  d*instrumens  de  physique. 

'*  Sa  Majesty  6tant  venue  fk  TObservatoire,  il  y  a  quelques  ann^es, 
pour  observer  une  occultation  de  plane bes,  un  daim  ponrsuivi  de 
Windsor,  traversa  la  rividre,  franchit  les  palissades,  suivi  de  toute  la 
meute,  et  vint  se  laisser  prendre  an  pied  de  T  Observatoire,  pr^cis^ment 
au  moment  de  I'observation. 

''Je  demandai  si  I'attention  de  Sa  Majesty  s'6tait  montr^e  supe- 
rieure  k  cette  interruption.  On  me  repondit  qu'un  nuage,  malheureuse- 
ment  survena  pr^cis^ment  au  m^me  instant,  avait  rendu  Tobservation 
impossible,  et  qu'autrement  rien  n*aurait  pu  Ten  distraire." 

The  following  would  appear  to  be  a  correct  account  of  the  incident 
somewhat  romantically  treated  in  the  above,  as  it  was  narrated  by  the 
late  Sir  James  South  to  Dr.  Balfour  Stewart : — 

One  day  Sir  James  was  at  the  Observatory  with  the  King  (George 
III)  when  they  saw  the  stag  hunt  from  Windsor  approaching,  and 
ascended  to  the  roof  to  watch  it.  Concealed  by  the  parapet  His  Majesty 
pointed  out  to  Sir  James  the  different  gentlemen  following  the  hounds, 
and  at  the  royal  dinner  in  the  evening  the  King  created  considerable 
amusement  by  assigning  to  the  guests  the  relative  places  they  each 
occupied  in  the  hunt,  as  they  were  unable  to  imagine  what  position  of 
vantage  His  Majesty  had  occupied  during  the  proceedings. 

With  this  the  record  of  the  first  period  of  the  Observatory  comes  to 
a  close,  and  the  building  passed  into  the  management  of  the  British 
Association  for  the  Advancement  of  Science,  for  the  spnce  of  thirty 
years,  till  August  1871.  The  negotiations,  which  were  carried  out  in 
connection  with  the  establishment  by  H.M.'s  Commissioners  of 
Woods  and  Forests,  in  the  first  instance  with  the  Royal  Society,  and 
in  the  second  with  the  British  Association,  cannot  be  better  described 
than  in  the  following  Memorandum  drawn  up  in  1871  by  Sir  Charles 
Wheatstone,  who  himself,  with  Sir  Edward  Sabine  and  Mr.  J.  P. 
Grassiot,  was  among  the  original  subscribers  to  the  undertaking  in 
1842.    The  same  three  gentlemen,  as  Members  oi  t\\!e  Cioixmi\\.\A^^ 
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coniinned  ttmraotiTe  snperintimdenoe  of  the  Obserratoiy  dnring  tbe 
whole  period  of  its  connection  with  the  British  Assocuition. 

It  will  be  seen  that  thronghont  this  memorandum  it  is  termed  the 
Kew  Obserratoiy  in  all  official  docnmentH. 


Fio.  3.— Thb  Kbw  Obbebvatoby  and  Viciisiiy,  1885, 


1.  Tlie  ObM^rrator;  and  Qarden. 

2,  STon  HuuBo. 

».  I'he  Quwn'B  Collage. 

4.  The  Faf>uila. 

5.  TliD  Lion  Onle. 

6.  Tlie    Enlrsiire    to  thr    Obaervaton- 

(Fuller's  Oate).  *    I 


7.  St.  John's  Churcli. 

8.  Richtnoud  Stutiuo  (Ohi). 
9 (Ne-). 

10.  Richmond  Green, 

11.  Rictimond  Palace  (Rite  of). 

12.  Rich mond  Bridge. 
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HISTORICAL  REMARKS  BY  SIR  CHARLES  WHEATSTONE. 

In  1841  the  Government  caaie  to  the  determination  of  no  longer 
keeping  up  the  Observatory  and  Museum  established  bj  His  Majesty 
George  the  Third  in  the  Old  Deer  Park  at  Richmond.  In  consequence 
of  this  resolution,  the  Curator  and  the  Reader  in  Natural  Philosophy, 
who  had  for  many  years  been  attached  to  the  building,  were  pensioned 
off,  and  the  valuable  contents  were  distributed  to  the  Armagh  Obser- 
vatory, the  British  Museum,  King's  College,  London,  the  College  of 
Surgeons,  and  some  members  of  the  Royal  Family.  The  building 
being  thus  dismantled  and  vacant,  was  applied  for  by  the  Council  of 
the  Royal  Society,  on  the  recommendation  of  the  Committee  of 
Physics  and  Meteorology,  as  appears  from  the  following  Minutes  of 
June  24,  1841  :— 

*'Mr.  Daniell  reported,  on  the  part  of  the  Committee  of  Physics, 
that  they  had  passed  the  following  resolution,  viz.: — 

**  *  The  Committee,  understanding  that  the  building  formerly 
occupied  as  the  Observatory  at  Kew  is  disposable,  and  may  be  had  if 
applied  for,  and  having  frequently  experienced  the  want  of  such  a 
building  for  various  scientific  purposes,  recommend  to  the  Council 
that  an  application  be  made  to  secure  it  for  the  Royal  Society.' 

"  Resolved, — That  this  recommendation  be  adopted ;  and  that  the 
President  be  requested  to  make  application  to  the  proper  quarter  for 
the  possession  of  the  building  in  question." 

An  application  was  accordingly  made,  and  the  possession  granted 
to  the  Royal  Society ;  consequent  on  which  the  following  resolution 
was  recorded  on  November  the  11th  of  the  same  year: — 

"  Resolved, — That  it  be  referred  to  the  Committee  of  Physics  to 
consider  and  i*eport  to  the  Council  to  what  specific  scientific  purposes 
it  would  be  desirable  to  appropriate  the  building  formerly  occupied  by 
the  Observatory  at  Kew,  in  case  of  a  grant  of  that  building  being 
made  to  the  Society  by  the  Government;  and  what  would  be  the 
probable  annual  expense  of  applying  it  to  such  purposes." 

On  January  the  10th,  1842,  a  communication  was  received  by  the 
Secretary  from  the  OflBce  of  Woods  and  Forests,  requesting  to  be 
informed  when  the  Society  would  be  prepared  to  take  possession  of 
the  building,  as  it  had  long  since  been  cleared  and  ready  to  be 
delivered  up  when  required.  The  following  resolution  was  thereon 
recorded : — 

*'  That  the  Secretary  inform  Mr.  Milne,  in  answer  to  his  letter,  that 
the  Council  having  referred  the  matter  in  question  to  the  considera- 
tion of  a  Committee,  beg  to  defer  their  answer  till  they  receive  the 
report  of  that  Committee,  which  they  expect  will  aoou  \)q  ^x^i^fiTO^^ 
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The  report  called  for  was  read  on  February  10,  1842,  and  was  as 
follows  : — 

''  The  Sab- Committee  report  that,  from  the  peculiar  restrictions  as 
to  access  and  inhabitancy,  and  other  circamstances  affecting  the  pro- 
posed grant  of  the  Kew  Observatory  to  the  Royal  Society,  they  do  not 
consider  that  any  regular  and  systematic  course  of  physical  observa- 
tions at  present  devisable  could  be  therein  advantageously  made  by 
the  Society,  or  by  any  observer  under  their  immediate  appointment 
and  direction ;  but  that  nevertheless  they  consider  that  such  a  build- 
ing so  held  might,  if  occupied  for  safe  custody  by  a  proper  person,  be 
highly  available  for  many  useful  scientific  purposes,  which  have  long 
been  desiderata  as  part  of  the  establishment  at  Somerset  House  ;  such 
as,  among  others,  the  following  : — 

"1.  As  a  depository  of  instruments  and  other  property  of  the  Royal 
Society,  either  not  in  use,  or  for  which,  for  general  or  special  reasons, 
Somerset  House  may  not  be  regarded  by  the  Council  as  an  advan- 
tageous place  of  deposit. 

"2.  As  a  station  for  occasional  observation  and  comparison  of 
pendulums,  either  returned  from  abroad,  or  about  te  proceed  on 
voyages,  as  also  for  affording  foreigners  wishing  to  compare  pendulums 
an  opportunity  of  so  doing. 

"  3.  As  a  station  for  trial  and  comparison  of  magnetical  apparatus, 
and  affording  to  observers  desirous  of  acquiring  a  knowledge  of  the 
nature  and  use  of  such  apparatus,  an  opportunity  for  conveniently 
doing  so,  and  of  obtaining  a  practical  knowledge  of  the  system  of 
magnetical  observation  recommended  by  the  Society. 

"  4.  As  a  station  in  which  many  occasional  phenomena  might  be 
advantageously  observed  by  Fellows  of  the  Society,  or  others,  on 
permission  obtained  from  the  President  and  Council,  such  as,  for 
example,  concerted  observations  of  shooting-stars,  &c.,  or  in  which  the 
phenomena  of  what  has  been  called  *  magnetic  storms,*  or  unusual  mag- 
netic disturbances  might  be  witnessed,  and  their  particulars  attended 
to  by  9bservers  desirous  of  so  doing,  without  interfering  with  obser- 
vations regularly  in  progress  at  official  stations,  or  with  a  view  to 
other  circumstances  in  their  phenomena  than  what  may  be  ordinarily 
observed  at  such  stations  ;  it  being  considered  that  such  *  storms  '  are 
sometimes  of  considerable  duration,  and  may  become  known  to  exist 
by  direct  communication  from  Greenwich  or  other  regular  observing 
station. 

"5.  As  a  proper  place  for  the  trial  of  physical  apparatus  and 
occasional  physical  experiments,  for  which  no  convenience  exists  at 
Somerset  House;  such  as  may  either  be  proposed  by  scientific 
committees,  or  be  undertaken  by  individuals,  on  permission  duly 
obtained  from  the  President  and  Council. 
"6,  As  a  proper  place  for  the  comparison  of  standards  of  every 
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description  in  which  general  steadiness  of  temperatare  and  stmctore, 
light,  retirement,  and  security  may  be  especially  needed. 

**A8  regards  the  probable  cost  of  sach  an  establishment  to  the 
Society,  it  appears  to  include  essentially: — Ist,  the  wages  of  a  man 
who  should  reside  in  the  house,  and  take  care  of  it ;  2nd,  such  repairs 
as  may  from  time  to  time  be  required,  should  Government  not  take 
on  itself  the  charge  of  maintenance  of  the  structure ;  3rd,  the  interest 
of  money  expended  in  fitting  it  for  the  purposes  in  view ;  and  4th,  the 
taxes  and  rates  which  may  be  incident  on  its  occupation. 

**  As  to  the  first  of  these  items,  the  Sub-Committee  consider  that 
an  amount  of  \0s.  6(2.  per  week,  211.  6«.  per  annum,  would  sufiSice 
with  fuel. 

"  The  building  has  been  represented  to  them  as  being  in  excellent 
repair,  and  not  to  have  cost  hi.  annually  for  some  time  in  its  main- 
tenance in  that  state ;  nor  are  they  without  reason  to  hope  that 
such  an  understanding  might  be  had  with  the  proper  authorities  as 
would  strike  out  this  item  in  future. 

'^  It  has  also  been  stated  to  them,  that  among  the  fixtures  of  the 
buildings  are  included  an  ample  provision  of  glass  cases  and  other 
receptacles  well  adapted  for  the  preservation  of  instruments  and  books, 
and  which  have  heretofore  served  for  the  preservation  of  the  very 
valuable  collections  lately  presented  by  Her  Majesty  to  King's 
College,  London,  and  which  would  materially  alleviate  the  charges 
iucidental  on  this  head. 

"  J.  F.  W.  Herschel. 
"  C.  Wheatstone. 
**  Edward  Sabine." 

On  the  10th  of  March,  however,  the  Council  of  the  Royal  Society 
rejected  the  gift  they  had  previously  solicited,  in  the  following 
resolution : — 

"Resolved, — That,  on  full  consideration  of  the  report  of  the 
Committee  of  Physics,  including  Meteorology,  presented  at  the  last 
meeting  of  the  Council,  it  does  not  appear  to  the  Council  to  be 
expedient  for  the  Society  to  occupy  the  Observatory  at  Kew ;  and 
that  the  Treasurer  be  requested  to  make  known  this  decision  to  the 
Commissioners  of  the  Woods  and  Forests,  expressing  at  the  same 
time  their  thanks  for  the  courtesy  and  attention  paid  to  the  suggestion 
of  the  Council  on  the  subject.'* 

The  building  having  thus  become  again  unappropriated,  a  number 
of  Fellows  of  the  Royal  Society  and  Members  of  the  British  Associa- 
tion, desirous  that  it  should  be  retained  for  the  purposes  of  science, 
recommended  that  an  application  should  be  made  for  it  in  the  name 
of  the  British  Association,  and  entered  into  a  subscription  for  t\v^ 
purpose  of  promoting  the  objects  stated  in  the  following  i^to^^qcVvx&, 
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The  subscription  was  headed  by  donations  of  15L  eaob  from  tbe 
Marquis  of  Northampton  and  Lord  Francis  Egerton  as  Presidents 
respectively  of  the  Royal  Society  and  the  British  Association ;  and  the 
following  gentlemen  entered  their  names  for  sums  varying  from  5Z. 
to  101,  each: — 

Sir  John  Herschel,  Sir  John  Lubbock,  Sir  Charles  Lemon,  Sir 
H.  de  la  Beche,  Sir  John  Rennie,  Lient.-Col.  Sabine,  Capt.  Chapman, 
The  Rev.  Dr.  Buckland,  Dr.  Amott,  Dr.  Fitton,  Prof.  Daniell,  Prof. 
Graham,  Prof.  M'Cullagh,  T.C.D.,  Prof.  Wheatstone,  R.  I.  Mnrchison, 
Esq.,  J.  Davies  Gilbert,  Esq.,  H.  F.  Talbot,  Esq.,  J.  Taylor,  Esq., 
G.  Rennie,  Esq.,  J.  Evans,  Esq.,  J.  P.  Gb,ssiot,  Esq.,  and  R.  Napier,  Esq. 

The  views  of  these  gentlemen  were  expressed  as  follows : — 

"  It  has  frequently  been  the  subject  of  regret  that  there  does  not 
exist  in  this  country  any  of  those  facilities  for  the  encouragement  and 
advancement  of  physical  science  which  have  been  so  liberally  afforded 
by  the  Governments  of  other  nations. 

"  The  Continental  philosopher,  when  he  for  the  first  time  visits  our 
shores,  finds  to  his  great  surprise  that  in  the  metropolis  of  this  great 
empire  there  is  not  one  collection  of  physical  instruments  which  can 
afford  the  slightest  idea  of  the  present  advanced  state  of  scientific 
investigation.  A  few  of  our  establishments  for  public  instruction, 
indeed,  are  provided  with  apparatus  for  exhibiting  the  most  usual 
results  of  experimental  philosophy  to  classes  of  learners  at  public 
lectures,  and  there  are  two  or  three  public  exhibitions  at  which 
some  of  the  most  popular  and  practical  results  are  shown,  but  the 
most  valuable  instruments  of  scientific  researches,  particularly  those 
by  means  of  which  alone  accurate  quantitative  results  can  be  obtained, 
are  nowhere  to  bo  found.  It  is  to  be  hoped  that  ere  many  years  have 
passed  a  National  Physical  Museum  worthy  of  the  name  may  be 
established  in  London,  but  as  this  is  an  object  which  we  cannot  expect 
to  see  realized  by  tbe  private  co-operation  of  individuals,  it  is  proposed 
to  carry  into  present  effect  a  plan  of  a  more  limited  nature,  which  will 
supply  some  of  the  most  obvious  and  urgent  existing  wants  otherwise 
unprovided  for,  and  which  does  not  seem  beyond  our  means  of 
accomplishing. 

"  It  is  proposed  to  establish,  in  connexion  with  the  British  Associa- 
tion, a  Physical  Observatory.  The  useful  purposes  to  which  it  is 
intended  to  apply  the  Building  at  Kew,  to  be  placed  at  the  disposal  of 
the  British  Association,  are,  among  others,  the  following: — 

"  I.  It  will  be  a  repository  for,  and  place  for  occasional  observation 
and  comparison  of  the  various  instruments  which  the  recent  discoveries 
iu  physical  science  have  suggested  for  improving  our  knowledge  of 
meteorology,  &c.,  in  order  that  their  relative  advantages  and  defects 
niny  be  ascertained. 

''A  great  number  of  very  ingenious  instrumenta  have  been  invented 
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on  the  Continent  within  the  last  twenty  years,  which  are  practically 
nnknown  in  this  country,  but  which,  if  properly  understood,  verified, 
and  brought  into  use,  would  lead  to  valuable  results. 

**  At  the  present  moment  a  most  important  and  widely  extended 
series  of  simultaneous  observations  in  different  parts  of  the  world  is 
being  carried  out,  and  to  this  object  the  ^British  Government  and  East 
India  Company  have  munificently  contributed.  With  the  exception 
of  the  magnetical  instruments,  none  are  at  present  employed  for  these 
observations  but  those  which  have  been  long  known  and  verified  ;  this 
has  arisen  from  want  of  proper  knowledge  of  the  means  of  construct- 
ing, nsing,  and  interpreting  the  results  of  the  new  instruments.  Did 
we  possess  this  knowledge,  the  harvest  to  be  gained  from  the  system 
of  combined  observations,  now  in  operation,  might  be  more  than 
doubled,  with  scarcely  any  increase  of  expense. 

"  2.  A  repository  and  station  for  trial  of  new  instruments,  having 
the  same  objects  as  the  above  in  view,  which  may  be  proposed  in  this 
country.  Among  instruments  which  have  been  proposed,  and  which 
will  probably  not  be  constructed  and  brought  into  use  without  the 
assistance  which  an  Institution  like  this  alone  can  afford,  may  be  men- 
tioned :  a  universal  meteorograph,  which  will  accurately  record  half- 
hourly  indications  of  various  meteorological  instruments,  dispensing 
entirely  with  the  attendance  of  an  observer ;  an  apparatus  for  record - 
iftg  the  direction  and  intensity  of  the  wind  simultaneously  at  various 
heights  above  the  earth's  surface ;  an  apparatus  for  telegraphing  the 
indications  of  meteorological  instruments  carried  up  in  balloons  or  by 
kites,  to  an  observer  at  the  earth's  surface. 

"3.  As  a  station  to  which  persons,  willing  to  become  coadjutors  in 
the  system  of  consentaneous  observations,  may  bring  their  instruments 
for  the  purpose  of  comparison  with  the  standard  instruments  there 
deposited.  Attention  need  not  be  called  to  the  increased  value  of 
observations  made  with  instruments  thus  properly  compared. 

**  4.  As  the  depository  of  a  complete  set  of  the  magnetic  instru- 
ments at  present  in  use  in  the  various  magnetic  observatories,  in  order 
that  any  person  desirous  of  so  doing  may  understand  their  construc- 
tion and  acquire  their  use.  The  only  magnetic  observa'tory  in  England 
is  at  Greenwich,  and  the  instruments,  being  in  constant  use,  cannot  be 
employed  for  the  purposes  here  mentioned. 

**  5.  A  complete  series  of  apparatus  for  experiments  on  atmosphenc 
electricity.  For  such  investigation  the  locality  is  peculiarly  adapted. 
Nothing  of  the  kind  at  present  exists  in  England,  and  yet  there  is  no 
subject  in  meteorological  science  for  which  so  much  remains  to  be  done. 

"  6.  One  of  the  rooms  to  be  fitted  up  as  an  optical  chamber  with  a 
Heliostat,  Fraunhofer's  prismatic  telescope,  photometers,  Ac,  prin- 
cipally for  the  purposes  of  optical  astronomy,  a  subject  at  pruseut 
totally  neglected. 
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*^  7.  As  complete  a  collection  as  can  be  gathered  together  of  the 
measuring  instruments  employed  in  the  yarious  branches  of  physical 
science,  for  the  purpose  of  obtaining  accurate  quantitative  results. 

"The  facilities  which  such  a  collection  would  give  to  original 
investigation  do  not  at  present  exist  in  this  country. 

''It  is  not  at  present  recommended  that  any  expenditure  of  the 
funds  should  be  made  for  apparatus  intended  merely  to  exhibit  the 
necessary  consequences  of  established  laws." 

A  successful  application  was  then  made  by  the  authorities  of  the 
British  Association  for  the  possession  of  the  building;  and  at  the 
Meeting  at  Manchester  in  June,  1842,  the  President  of  the  year,  Lord 
Francis  Egerton,  thus  alluded  to  this  gift  of  the  Goyemment  in  Lis 
opening  address : — 

'*  I  have  been  speaking  of  matters  for  some  time  past  in  progress 
and  notorious  to  all  who  haye  taken  an  interest  in  your  proceedings. 
They  are  gratifying  as  proofs  that  the  impulse  of  this  Society  has 
been  communicated  and  felt  in  high  quarters.  It  is  surely  desirable 
that  under  any  form  of  Government,  the  collective  science  of  a  country 
should  be  on  the  most  amicable  footing  with  the  depositories  of 
its  power ;  free  indeed  from  undue  control  and  interference,  not 
dangling  in  antechambers,  nor  wiping  the  dust  from  the  palace  stair- 
cases, uucontaminated  by  the  passions  and  influences  with  which 
statesmen  haye  to  deal,  but  enjoying  its  good  will  and  fayour, 
receiving  and  requiting  with  usury  its  assistance  on  fitting  occasions, 
and  organized  in  such  a  manner  as  to  afford  reference  and  advice 
on  topics  with  respect  to  which  they  may  be  required.  •  •  •  The 
most  recent  instance  I  cannot  omit — I  mean  the  important  accession 
to  the  means  of  this  Society  of  a  fixed  position,  a  place  for  deposit, 
regulation,  and  comparison  of  instruments,  and  for  many  more 
purposes  than  I  could  name,  perhaps  even  more  than  are  yet  contem- 
plated, in  the  Observatoiy  at  Kew.  This  building  was  standing  useless. 
The  Council  of  the  Association  approached  the  throne  with  a  petition 
that  they  might  occupy  it,  and  I  am  happy  to  say  that  the  sceptre 
was  gracefully  held  towards  them ;  and  I  think  this  transaction  a 
fair  instance  of  that  species  of  connexion  between  science  and  govern- 
ment which  I  hope  may  always  be  cultivated  in  this  country.  I  am 
informed  that  the  purposes  to  which  this  building  is  readily  and 
immediately  applicable,  are  of  an  importance  which  none  but  men 
advanced  in  science  can  appreciate.  You  will  hear  further  of  them  in 
the  Committee  Recommendations."  C.  W, 
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KEW  OBSERVATORY  UNDER  THE  BRITISH 

ASSOCIATION. 

This  period  natarally  divides  itself  into  two  intervals,  the  first  of 
ten  years,  1842  to  1851,  when  Mr.  (afterwards  Sir  Francis)  Ronalds, 
F.B.S.,  acted  as  Honorary  Superintendent.  In  1852,  the  second 
period  of  twenty  years  commenced,  and  the  Kew  Committee  first 
appeared  as  actually  taking  control  of  the  establishment,  with  Mr. 
John  Welsh,  F.R.S.,  as  Superintendent.  The  Committee  had  been 
formally  constituted  in  1849,  as  shown  by  the  following  extract : — 

Extract  from  the  First  Minute  Book  of  the  Kew  Committee  of  the 

British  Association, 

"At  a  Meeting  of  the  Council  of  the  British  Association,  held  at 
6,  Qaeen  Street  Place,  London,  October  25,  1849 — 

**  Present : 

Sir  Charles  Malcolm,  K.C.B.,  in  the  Chair,  succeeded  by  Robert 
Hutton,  Esq. ; 


W.  J.  Hamilton,  Esq. ; 
Robert  Hut  ton,  Esq. ; 
Francis  Ronalds,  Esq. ; 


Dr.  Forbes  Royle; 
Lieut.- Colonel  Sabine ; 
John  Taylor,  Esq. ; 


It  was  resolved  that  the  foUowing  gentlemen  be  named  as  a  Com- 
mittee for  visiting  and  exercising  a  general  superintendence  over 
the  experiments  and  observations  to  be  made  at  Kew ;  and  that  the 
Council  are  persuaded  that  the  Members  of  the  Committee  will  render 
a  good  service  to  science,  and  will  entitle  themselves  to  the  cordial 
thanks  of  the  British  Association,  if  they  will  regard  themselves  as 
Members  of  a  real  working  Committee : — 

Sir  J.  W.  Herschel,  Bart. ; 

J.  P.  Gassiot,  Esq. ; 

Colonel  Reid,  Royal  Engineers ; 

Colonel  Sykes ; 

Charles  Wheatstone,  Esq. ; 

in  addition  to  the  President,  Trustees,  and  Officers  of  the  Association." 
The  first  Report  of  the  Committee,  signed  by  Mr.  Gassiot  as 
Chairman,  was  that  for  1853.  In  1859  Mr.  Welsh  died,  and  was 
succeeded  by  Mr.  Balfour  Stewart,  F.R.S.,  who  held  office  for  twelve 
years,  up  to  August,  1871,  when  the  connection  of  the  Observatory 
with  the  Association  was  terminated,  as  will  be  explained  sub- 
sequently. 

The  first  notice  we  Snd  in  the  Reports  of  the  ABSOCiaVixovi  a^  Va^ 
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the  administration  of  the  Observatory  was  the  following  resolution 
adopted  at  the  Manchester  Meeting  in  June,  1842  : — 

"  That  Professor  Wheatstone,  Professor  Daniel!,  and  Mr.  Snow 
Harris  be  a  Committee  for  constructing  a  self-recording 
meteorological  apparatus  to  be  employed  in  the  building  at 
Kew,  recently  placed  by  Her  Majesty  the  Queen  at  the  dis- 
posal of  the  British  Association,  with  the  sum  of  bOl,  at  their 
disposal  for  the  purpose. 

'*  Also  that  the  sum  of  200Z.  be  placed  at  the  disposal  of  the 
Council  for  upholding  the  establishment  in  the  Kew  Observa- 
tory." 
In  the  volume  for  the  next  year,  1843,  we  have  the  Report  of  a 
Committee,   consisting   of   Professor  Wheatstone,  Mr.  Hutton,   the 
General  Secretary  (Colonel  Sabine),  and  Treasurer  (Mr.  John  Taylor), 
appointed  by  the  Council  to  saperintend  the  establishment  of  meteoro- 
logical observations  at  the  Kew  Observatory.     And  at  the  close  of 
the  first  year  the  Council  report  the  establishment  of  the  following 
registries,  viz. : — 

"  1.  An  ordinary  meteorological  record  with  standard  instruments 
made  by  Mr.  Galloway  under  the  superintendence  of  Professor 
Wheatstone. 

"2.  A  meteorological  record  with  self-registering  instruments  on 
a  new  construction  by  Professor  Wheatstone. 

"  3.  A  record  of  the  electrical  state  of  the  atmosphere. 

"  Mr.  Ronalds'  name  now  appears  in  connexion  with  the  electrical 
records,  and  for  the  next  nine  years  he  acted  as  Hon.  Superintendent. 

It  is  evident  that  the  action  of  the  Council  in  taking  charge  of  the 
Observatory  was  criticised  at  an  early  date,  for  from  the  Report  of 
the  Meeting  at  Southampton,  184G,  we  learn  that  the  expediency  of 
discontinuing  Kew  had  been  referred  to  the  Council  at  the  previous 
Meeting,  as  will  be  seen  by  the  following  extract  of  a  Report  from 
the  Council  presented  to  the  general  Committee,  September  9,  1846. 

The  General  Committee  at  Cambridge  having  passed  a  resolution — 

"  That  it  bo  referred  to  the  Council  to  take  into  consideration 
before  the  next  Meeting  of  the  Association  the  expediency  of 
discontinuing  the  Kew  Observatory,*' 

the  Council  appointed  a  Committee,  consisting  of  the  President  (Sir 
John  Heracliel),  the  Dean  of  Ely,  the  Astronomer  Royal,  Professors 
Graham  and  Wheatstone,  and  Lieut.-Colonel  Sabine,  to  collect  infor- 
mation on  the  scientific  purposes  which  the  Kew  Observatory  has 
served,  and  on  its  general  usefulness  to  science  and  to  the  Association, 
from  whom  they  received  the  following  Report : — 
''Kew  Observatory,  May  7,  1846.     Present,  Sir  J.  F.  W.  Herschel, 
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Bart.,  the  Astronomer  Royal,  Professors  Gmham  and  Wheatstone,  and 
Lieut.-Col.  Sabine. 

"  After  an  attentive  examination  of  the  present  state  of  the  estab- 
lishment and  of  other  matters  connected  therewith,  the  following 
resolations  were  unanimously  adopted,  viz. : — 

*'  That  it  be  recommended  to  the  General  Committee  that  the  estab- 
lishment at  Kew,  the  occupancy  of  which  has  been  granted  by  Her 
Majesty  to  the  British  Association,  be  maintained  in  its  present  state 
of  eflBciency. 

"  1.  Because  it  affords,  at  a  very  inconsiderable  expense,  a  local 
habitation  to  the  Association,  and  a  convenient  depository  for  its 
books,  manuscripts,  and  apparatus. 

"  2.  Because  it  has  afforded  to  Members  of  the  Association  the  means 
of  prosecuting  many  physical  inquiries  which  otherwise  would  not  Lave 
been  entered  upon. 

"  3.  Because  the  establishment  has  already  become  a  point  of  interest  . 
to  scientific  foreigners,  several  of  whom  have  visited  it. 

'*  4.  Because  the  grant  of  the  occupancy  of  the  building  by  Her 
Majesty,  at  the  earnest  request  of  the  British  Association,  is  an  instance 
of  Her  Majesty's  interest  in  and  approval  of  the  objects  of  the 
Association. 

*'*'  5.  Because  if  the  Association  at  the  present  time  relinquish  the 
establishment  it  will  probably  never  again  be  available  for  the 
purposes  of  science. 

"  B.  Because  it  appears,  both  from  the  publications  of  the  British 
Association  and  from  the  records  in  progress  at  the  establishment,  that 
a  great  amount  of  electrical  and  meteorological  observation  has  been 
and  continues  to  be  made,  and  that  a  systematic  inquiry  into  the 
intricate  subject  of  atmospheric  electricity  has  been  carried  out  by 
Mr.  Ronalds,  which  has  been  productive  of  very  material  improvements 
in  that  subject,  and  has  in  effect  furnished  the  model  of  the  processes 
conducted  at  the  Royal  Observatory ;  and  because  these  inquiries  ai'e 
still  in  progress  under  local  circumstances  extremely  favourable. 

*'  7.  Because  other  inquiries  into  the  working  of  self -registering 
apparatus,  both  meteorological  and  magnetical,  are  in  actual  progress 
at  the  establishment,  and  there  is  a  distinct  prospect  of  the  facilities 
it  affords  being  speedily  much  more  largely  profited  by. 

"  8.  Because  the  access  to  the  Observatory  from  London  to  Members 
of  the  Association  will  shortly  be  greatly  improved  by  railroads,  and 
because  the  local  facilities  and  conveniences  of  the  establishment  have 
been  very  greatly  enhanced  by  alterations  in  its  relations  to  the 
Commissioners  of  Woods  and  Forests. 

Signed.         "  J.  F.  W.  Herschel,  Chairman." 

In  presenting  this  Report  to  the  General  GommitteQ  VNi<b  CiO\rcksSL 


56  Mr.  R.  H.  Scott. 

requests  that  it  may  be  understood  to  convey  also  the  opinion  of  the 
Council. 

At  this  early  period  much  of  Mr.  Ronalds'  attention  was  directed 
to  the  sabject  of  atmospheric  electricity,  and  in  this  investigation  he 
was  assisted  by  Mr.  W.  Radcliff  Birt.  At  the  same  time  the  Hon. 
Superintendent  was  far  from  neglectful  of  other  branches  of  physical 
research,  and  he  devoted  much  of  his  rare  mechanical  energy  to  the 
invention  and  perfecting  of  the  photographic  processes  for  the  registra- 
tion of  meteorology  and  terrestrial  magnetism,  with  which  the  name 
of  the  Kew  Observatory  has  been  permanently  associated. 

In  the  course  of  the  year  1850  magnetic  observations  were  com- 
menced with  instruments  pi'ovided  by  Lieut.-Colonel  Sabine,  and  Mr. 
John  Welsh  was  appointed  by  the  Committee  as  Assistant,  Mr.  Birt 
having  left  the  Observatory;  and  in  the  following  year  we  notice  the 
first  commencement  of  the  Verification  Department,  which  has 
subsequently  become  such  an  important  feature  of  the  Kew  opera- 
tions— the  purchase  of  a  standard  thermometer  by  Reguault,  with  the 
intention  of  employing  the  latter  instrument  in  the  verification  of 
thermometers  made  by  artists  in  this  country — and  the  procuring  of 
M.  Regnault's  apparatus  for  calibrating  and  graduating  thermometer 
tubes. 

In  1852  the  verification  work  had  fairly  started,  as  well  as  the 
making  of  standard  thermometers.  Mr.  Welsh  also  had  made  two 
ascents  in  a  balloon,  for  the  determination  of  the  temperature  and 
hygrometric  condition  of  the  air  at  different  elevations,  before  the  date 
of  the  British  Association  Meeting. 

In  the  course  of  this  year  Mr.  Ronalds  left  the  Observatory  to 
reside  on  the  Continent,  and  accordingly  from  this  date  Mr.  Welsh  is 
to  be  regarded  as  Superintendent  of  the  Observatory,  the  first  or 
preliminary  stage  of  the  Observatory  having  come  to  an  end. 

In  1853,  as  already  stated,  appeared  the  first  Kew  Report,  signed 
by  Mr.  Gassiot  as  Chairman  of  the  Kew  Committee,  and  in  the  next 
year,  1854,  we  learn  that  the  best  form  of  barometers  and  thermo- 
meters for  the  use  of  the  Mercantile  Marine  had  been  decided  on  by 
the  Kew  Committee  at  the  request  of  the  Board  of  Trade,  and  that 
Mr.  Welsh  had  experimentally  tested  the  marine  barometers  in  a 
voyage  to  Leith  and  back,  and  in  one  to  and  from  the  Channel  Islands. 

Also  that  Sir  J.  Herschel  had  suggested  the  importance  of 
obtaining  daily  photographic  pictures  of  the  sun's  disk,  and  that 
Mr.  Warren  de  la  Rue  having  reported  that  the  probable  cost  would 
not  exceed  150Z.,  this  sum  had  been  procured  from  the  Donation  Fund 
of  the  Royal  Society. 

In  the  same  year  Robert  Beckley  was  engaged  as  machinist,  on  the 
Tecommendation  of  Mr.  do  la  Rue.     Two  acres  of  ground  were  also 
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secnred,  contigaoas  to  the  Obscrvatorj.  Welsh's  standard  barometer 
dates  from  1855,  and  the  introduction  of  gas  to  the  Observatory  from 
the  next  year.  In  the  same  year  Mr.  Balfour  Stewart  was  engaged 
as  Assistant,  bnt  he  only  remained  for  a  brief  period  in  that  capacity, 
for  in  1857  he  was  succeeded  by  Mr.  Charles  Chambers. 

In  1856  Mr.  Beckley's  modification  of  Bobinson's  anemometer 
was  submitted  to  the  Committee,  and  also  a  series  of  monthly 
determinations  of  dip  and  horizontal  force  was  commenced  with 
instruments  provided  by. General  Sabine  from  his  Department  at 
Woolwich. 

The  next  important  event  to  be  chronicled  is  that  the  following 
Memorandum  relative  to  the  re-establishment  of  self-recording 
magnetic  instruments  at  the  Kew  Observatory  was  submitted  to 
the  Committee  by  General  Sabine  on  July  22,  1856 : — 

"  1.  The  decennial  period  in  the  solar  magnetic  variations,  and  its 
coincidence  with  a  similar  period  in  the  frequency  and  amount  of 
the  solar  spots,  appear  to  be  highly  deserving  of  attention  in  an 
Observatory  established,  as  Kew  is,  for  physical  researches. 

"  2.  There  is  reason  to  suppose  that  the  permanency  and  regularity 
in  the  occurrence  of  the  decennial  period  in  the  magnetic  variations, 
and  its  coincidence  with  the  periodic  variation  of  the  solar  spots, 
might  be  effectually  and  satisfactorily  tested  by  observations  of  both 
classes  of  phenomena  at  the  alternate  periods  of  maximum  and 
minimum,  say,  for  example,  in  1857  and  1858  as  the  anticipated 
period  of  maximum,  and  in  1863  and  1864  as  the  anticipated  peiiod 
of  minimum,  and  so  forth. 

"  3.  The  apparatus  constructing  under  the  superintendence  of 
Mr.  de  la  Bue  will,  it  is  hoped,  fully  meet  the  requirements  of  the 
research  in  respect  of  the  solar  spots. 

"4.  Since  the  time  when  the  magnetic  self-recording  instruments 
belonging  to  the  Kew  Observatory  were  constructed  under  the  direc- 
tion of  Mr.  Bonalds,  very  considerable  improvements  have  been  made 
in  the  art  of  photography,  and  the  six  months'  trial  which  was  made 
by  Mr.  Welsh  of  Mr.  Bonalds's  instruments  has  led  in  several  other 
respects  to  suggestions  for  improvements  which  could  not  but  be 
expected  to  be  required  in  instruments  of  so  novel  a  kind,  while  at 
the  same  time  the  six  months'  trial  referred  to  has  placed  beyond 
doubt  the  suflBciency  of  a  properly  conducted  research  by  means  of 
self-recording  instruments,  for  the  examination  of  the  solar  magnetic 
variations." 

The  Committee  authorized  Mr.  Welsh  to  proceed  with  the  construc- 
tion of  the  instruments,  which  were  completed  at  an  expense  not 
exceeding  250Z.,  derived  from  the  Government  Grant  Fund,  the 
instruments  remaining  at  Kew  at  the  disposition  of  the  Council  of 
the  Boyal  Society. 
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In  tKe  same  year  the  Kew  Heliograph  was  completed,  and  it  was 
arranged  that  Mr.  Welsh  shoald  unde'rtake  the  Magnetic  Survey  of 
Scotland,  the  results  of  which  operation  were  published  by  Mr.  Stewart 
in  the  Report  of  the  British  Association  for  1859.  In  1858  also  Mr. 
G.  M.  Whipple  was  engaged  as  a  boy. 

In  1 859  Mr.  Welsh  died,  and  was  succeeded  by  Mr.  Balfour  Stewart. 
At  this  date  an  instrument  had  been  devised  at  the  Observatory  for 
tabulating  the  values  of  the  magnetic  elements  from  the  magneto- 
grams,  and  as  the  staff  of  assistants  at -the  Observatory  was  not 
sufficiently  large  to  undertake  these  tabulations.  General  Sabine 
undertook  to  have  the  results  tabulated  at  Woolwich  for  every  hour. 

In  1860  the  Kew  Photoheliograph  was  taken  by  Mr.  de  la  Rue, 
mainly  at  his  own  expense,  to  Spain,  for  employment  at  the  Solar 
Eclipse  on  July  18th.  Its  use  was  a  complete  success,  and  proved 
that  the  red  prominences  belonged  to  the  sun. 

In  1861  Sir  W.  Thomson's  Electrograph  was  brought  into  regular 
operation  at  Kew,  and  an  account  of  two  years'  work  with  it  was 
prepared  and  submitted  to  the  Royal  Society  by  Professor  J.  D. 
Everett  in  1868. 

In  1862,  at  the  suggestion  of  Admiral  Fitz  Roy,  who  agreed  on  the 
part  of  the  Meteorological  Department  of  the  Board  of  Trade  to  bear 
the  expense  incurred,  the  Barograph  designed  by  Mr.  Ronalds  was 
fitted  up,  and  has  been  from  that  date  kept  in  constant  operation. 

It  was  also  reported  that  as  on  account  of  the  inadequate  strength 
of  the  staff  of  assistants  it  was  not  possible  to  work  the  Photo- Helio- 
graph at  Kew,  it  had  been  in  opei-ation  at  Mr.  de  la  Rue's  observa- 
tory, at  Cranford,  since  February  7th.  The  instrument  remained  in 
Mr.  de  la  Rue's  hands  for  twelve  months,  when  it  was  re-erected  at 
Kew. 

In  1862  Mr.  Stewart  communicated  to  the  Royal  Society  an  account 
of  some  experiments  made  at  Kew  in  order  to  determine  the  increase 
between  32°  Fahr.  and  212°  Fahr.  of  the  elasticity  of  dry  atmospheric 
air  the  volume  of  which  remains  constant ;  and  also  of  others  to 
determine  the  freezing-point  of  mercury. 

In  the  next  year  Mr.  Chambers  left  the  Observatory  to  enter  the 
India  Telegraph  Service,  and  eventually  to  take  charge  of  the  Colaba 
Observatory,  Bombay ;  his  place,  as  Magnetic  Assistant,  being  filled 
by  Mr.  Whipple. 

In  1865  we  hear  that  the  Indian  Government  having  decided  that 
pendulum  observations  should  be  made  in  India,  Col.  Walker  and 
Capt.  Basevi  received  instruction  at  Kew.  A  convenient  room  for 
pendulum  observations  was  likewise  fitted  up  in  the  Observatory,  the 
expense  being  defrayed  from  the  Government-Grant  Fund  of  the 
Royal  Society ;  and  in  this  room  preliminary  observations  were  made 
for  cletermiaing    the  constants  of  the  two  pendulums  about  to  be 
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used  in  India.  The  ol>seryations  were  made  by  Mr.  Loewy,  and  the 
results  commanioated  to  the  Royal  Society. 

In  the  same  year  it  is  reported  that — (1)  the  solar  spectram  was  being 
mapped  by  the  spectroscope  belonging  to  the  Chairman  (Mr.  Gassiot), 
and  at  his  ez|)ense.  All  the  measurements  between  D  and  E  had  been 
made  and  completely  verified,  and  a  map  of  this  region  in  accordance 
with  these  constructed ;  the  investigation  was  continued  until  1866,  at 
which  time  about  three-fourths  of  the  region  between  E  and  F  had 
been  mapped.  And  (2)  that  Hofrath  Schwabe,  of  Dessau,  had  very 
generously  placed  his  valuable  and  extensive  series  of  sun-pictures 
at  the  disposal  of  the  Royal  Astronomical  Society  for  the  immediate 
use  of  the  Kew  Observatory.  The  enumeration  of  spots  on  the 
principle  followed  by  Herr  Schwabe  was  then  commenced  and  has 
been  continued  up  to  the  present  time. 

1865  also  witnessed  the  commencement  of  an  investigation,  which 
was  continued  at  intervals  for  several  years,  but  which  cannot  be  said 
to  have  led  to  definite  results  as  yet.     It  is  thus  introduced : — 

"At  the  joint  suggestion  of  Professor  Tait,  of  Edinburgh,  and  the 
Superintendent,  an  ingenious  apparatus  has  been  constructed  by  Mr. 
Beckley,  by  means  of  which  a  disk  can  be  made  to  revolve  in  vacuo 
with  great  velocity;  and  a  short  description  of  some  experiments 
performed  by  means  of  this  instrument,  with  a  view  of  ascertaining 
whether  visible  as  well  as  molecular  motion  is  dissipated  by  a  medium 
pervading  space,  has  been  communicated  to  the  Royal  Society  by  the 
Superintendent  in  conjunction  with  Professor  Tait." 

In  1866  the  completion  of  the  Kew  Photographic  thermograph  by 
Mr.  Beckley  is  announced,  and  in  the  same  year  the  General  Com- 
mittee of  the  British  Association  adopted  the  following  resolution : — 

•'  That  the  Kew  Committee  bo  authorized  to  discuss  and  make 
the  necessary  arrangements  with  the  Board  of  Trade,  should 
any  proposal  be  made  respecting  the  superintendence,  reduction, 
and  publication  of  meteorological  observations,  in  accordance 
with  the  recommendations  of  the  Report  of  the  Committee 
appointed  to  consider  certain  questions  relating  to  the  Meteoro- 
logical Department  of  the  Boai*d  of  Trade." 

This  resolution  initiated  the  close  relationship  between  the  Kew 
Observatory  and  the  Meteorological  OflBce,  of  which  the  reorganiza- 
tion was  then  in  contemplation :  a  relationship  which  has  materially 
modified  the  course  of  operations  at  Kew  Observatory  in  subsequent 
years. 

In  1866  the  first  set  of  results  obtained  from  the  heliograph  were 
published  at  the  expense  of  Mr.  de  la  Rue  under  the  following  title, 
'^Researches  on  Solar  Physics,"  by  Messrs.  Warren  de  la  Rue^  B, 
Stewart,  and  B.  Loewy;  first  series,  "  On  the  Natiir©  ot  Sxin-^^^r 
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This  was  successively  followed  in  1867  by  the  Second  Series,  entitled 
"Researches  on  Solar  Physics,  Second  Series,  Area-measurements 
of  sun-spots  observed  by  Mr.  Carrington  during  the  seven  years 
1854-60  inclusive,  and  deductions  therefrom,"  and  in  1868  by 
Appendix  to  the  second  series,  "  On  the  Distribution  in  Heliographic 
Latitudes  of  the  Sun-spots  observed  by  Carrington."  These  papers 
all  appeared  at  Mr.  de  la  Rue's  expense,  and  all  bore  the  names  of  the 
same  authors. 

Two  papers  were  likewise  communicated  in  1868  to  the  Royal 
Society  by  these  gentlemen.  The  first  is  entitled  "Researches  on 
Solar  Physics,  Heliographic  Positions,  and  Areas  of  Sun-spots  observed 
with  the  Kew  Photoheliog^aph  during  the  years  1862  and  1863."  The 
second,  "  Accoant  of  some  recent  observations  on  Sun-spots  made  at  the 
Kew  Observatory." 

1867.  In  the  Report  of  the  Kew  Committee  for  this  year  we  have 
a  short  account  of  what  steps  had  been  taken  by  Government  with 
reference  to  Meteorology,  ending  with  the  names  of  the  superintending 
Meteorological  Committee,  and  stating  that  on  the  3rd  of  January  this 
Committee  had  appointed  Mr.  Balfour  Stewart  as  its  Secretary,  on  the 
understanding  that  he  should,  with  the  concurrence  of  the  Kew  Com- 
mittee of  the  British  Association,  retain  his  present  office  of  Saperin- 
tendent  of  the  Kew  Observatory. 

It  was  also  proposed  that  Kew  Observatory  should  become  the 
Central  Observatory,  at  which  all  instruments  used  by  or  prepared  for 
the  several  observatories  or  stations  connected  with  the  Meteorological 
Department  should  be  verified,  the  entire  expense  attendant  thereon, 
or  any  future  expense  arising  through  the  connexion  of  the  Observa- 
tory with  the  Meteorological  Department,  being  paid  from  the  funds 
supplied  by  the  latter,  and  not  in  any  way  from  money  subscribed  by 
the  British  Association.  These  proposals  having  been  submitted  to 
the  Kew  Committee,  they  approved  of  the  Kew  Observatory  being 
regarded  as  the  Central  Observatory  of  the  Meteorological  Office, 
and  of  Mr.  Stewart's  holding  the  office  of  Secretary  to  the  Scientific 
Committee  superintending  that  office. 

In  the  same  year  we  are  informed  that  the  magnetic  curves  produced 
at  Kew  previously  to  the  month  of  January,  1865,  had  all  been 
measured  and  reduced  under  the  direction  of  General  Sabine,  by  the 
staff  of  his  office  at  Woolwich  ;  and  the  results  of  this  reduction  com- 
municated by  General  Sabine  to  the  Royal  Society  in  a  series  of 
memoirs. 

In  the  course  of  this  and  the  succeeding  year  the  assistants  at  the 
six  outljring  automatic  observatories,  in  connection  with  the  Meteoro- 
logical Office,  Aberdeen,  Armagh,  Falmouth,  Glasgow,  Stonyhnrst, 
and  Valencia,  received  their  training  at  Kew,  while  Mr.  Stewart,  with 
the  assistance  of  Mr,  Beckley,  personally  superintended  the  erection 
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of  the  instraments  at  the  several  stations.  The  Report  for  1868 
contains  an  acconnt  of  the  work  done  at  Kew  as  the  Central  Observa- 
tory of  the  Meteorological  Committee,  in  which  it  is  stated  that  this 
work  may  be  divided  into  fonr  heads : — 

(1)  The  arrangement  of  the  self-recording  meteorological  instru- 

ments,  their  verification    at   Kew,  and   erection   at   the 
various  stations. 

(2)  The   arrangement    of    a  system   of   tabulation    from  the 

automatic  records  of  these  instruments. 

(3)  The    arrangement  of    a  system    by   means  of    which   the 

accuracy  of    the  instruments   themselves,   and   of   their 
tabulated  records,  may  be  secured. 

(4)  Work  done  at  Kew  as  being  itself  one  of  the  Observatories 

of  the  Meteorological  Committee. 

In  1869  we  learn  inter  alia  that  Mr.  Beckley  had  devised  his  self- 
recording  rain  gauge,  an  account  of  which  was  submitted  to  the 
British  A^ociation  at  Exeter.  At  the  close  of  the  year,  in  October, 
Dr.  Stewart  resigned  the  Secretaryship  of  the  Meteorological  Com- 
mittee, and  the  relations  between  the  Kew  Committee  and  the 
Meteorological  Office  were  consequently  modified. 
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KEW  OBSERVATORY  UNDER  THE  ROYAL  SOCIETY. 

The  letter  from  the  Secretary  of  the  British  Association,  com- 
municating the  Resolution  of  the  Council  of  that  body,  which  has 
been  given  above,  was  taken  into  consideration  by  the  Council  of  the 
Royal  Society  on  the  19th  of  January,  1871.  At  the  Meeting  of 
the  Council  on  the  16th  of  March  of  the  same  year,  a  letter  was  read 
from  Mr.  J.  P.  Gassiot,  F.R.S.,  offering  to  the  Royal  Society  an 
immediate  gift  of  securities,  the  proceeds  of  which  were  to  be  devoted 
to  the  maintenance  of  a  Central  Magnetical  and  Physical  Observatory 
at  Kew.  The  negotiations  for  the  acceptance  of  this  munificent  offer 
were  carried  to  a  successful  issue  during  the  ensuing  months,  and  on 
the  15th  of  June  the  following  memorandum  was  entered  on  the 
Council  Minutes  of  the  Royal  Society : — 

Memorandum  of  the  general  heads  of  the  proposed  Deed  of  Trust  of 
the  Fund  offered  by  Mr,  Gassiot  for  maintaining  the  Kew  Observatory 
and  carrying  on  the  magnetic,  meteorological^  and  physical  observa- 
tions there : — 

"  Securities  representing  10,OO0Z.  are  proposed  to  be  given  to  the 
Royal  Society  by  J.  P.  Gassiot,  Esq.,  F.R.S.,  upon  trust,  for  the 
purpose  of  assisting  in  carrying  on  and  continuing  magnetical  and 
meteorological  observations  with  self-recording  instruments,  and  any 
other  physical  investigations  as  may  from  time  to  time  be  found  practi- 
cable and  desirable,  in  the  Kew  Observatory,  in  the  Old  Deer  Park, 
at  Richmond,  Surrey,  belonging  to  Her  Majesty's  Government;  or, 
in  the  event  of  that  Government  at  any  time  declining  to  continue 
placing  that  building  at  the  disposition  of  the  Royal  Society,  then 
in  any  other  suitable  building  as  the  Council  of  the  Royal  Society 
mny  determine. 

**  The  Observatory  and  the  income  of  the  Trust  Fund  are  to  be 
under  the  entire  control  and  management  of  a  Committee  to  be  from 
time  to  time  appointed  by  the  Council,  for  the  time  being,  of  the 
Royal  Society. 

"The  services  of  such  Committee  (like  those  of  the  present  Meteor- 
ological Committee  nominated  at  the  request  of  Her  Majesty's 
Government)  are  to  be  gratuitous. 

**  The  income  is  to  be  paid  to  the  Committee  (to  be  by  them  applied 
generally  towards  continuing  and  maintaining  the  Observatory  and 
providing  the  expenses  of  conducting  the  observations  and  investiga- 
tions), also  for  any  repairs  to  the  Observatory  building  and  premises, 
or  for  repair  or  improvement  of  the  present  instruments,  or  for 
providing  new  instruments,  as  the  Committee  may  from  time  to  time 
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deem  expedient,  and  generally  for  carrying  out  the  objects  of  the 
Trust  as  mav  be  from  time  to  time  determined  by  the  Committee. 

"An  annual  statement  of  receipts  and  expenditure  is  to  be  prepared 
by  the  Committee  with  any  report  that  the  Committee  may  from 
time  to  time  deem  to  be  desirable,  and  the  same  are  to  be  presented 
to  the  Royal  Society,  and  the  report  is  to  be  published  in  the 
Proceedings  of  the  Royal  Society,  or  in  such  other  form  as  the  Council 
may  from  time  to  time  direct. 

"  If,  by  reason  of  the  Kew  Observatory,  or  any  other  such  equivalent 
Observatory  being  at  any  time  discontinued,  the  observations  should 
cease  to  be  recorded,  and  the  investigations  cease  to  be  made  for  (say) 
twelve  consecutive  months,  the  Trust  Funds,  with  all  accumulations 
(if  any),  are  to  be  paid  over  to  the  person  who  shall,  for  the  time 
being,  be,  de  facto,  the  Treasurer  of  the  London  Middle-Class  School 
incorporated  by  Royal  Charter,  dated  12th  of  June,  1866,  by  the 
name  of  "  the  Corporation  for  Middle-Class  Education  in  the  Metro- 
polis and  suburbs  thereof/'  to  the  intent  that  the  same  may  be  applied 
for  the  use  and  benefit  of  that  Corporation  as  it  may  think  fit  and  as 
a  part  of  its  general  funds,  and  the  receipt  of  such  officer  is  to  be  a 
sufficient  discharge  to  the  person's  paying  over  the  same. 

"  Power  to  the  Royal  Society  to  enlarge  such  period  of  twelve  months 
for  a  further  period  of  not  exceeding  (say)  two  years,  in  order  to  give 
time  for  obtaining  a  site  and  constructing  a  new  Observatory,  with 
power  to  apply  the  current  income,  and  any  accumulations  thereof,  in 
aid  of  those  purposes. 

''Also,  give  power  to  the  Royal  Society  to  direct  some  other  charitable 
disposition  of  the  Trust  Fund,  in  case,  at  the  time  of  the  failure  of 
t'le  Trust  as  to  the  Observatory,  the  Loudon  Middle-Class  School 
shall  have  ceased  to  exist  as  a  corporation.' 

The  Deed  of  Trust  was  duly  prepared  and  submitted,  and  was  sealed 
with  the  corporate  seal  of  the  Society  on  the  29th  of  June,  1871. 

The  Kew  Committee  of  the  Royal  Society  was  at  once  appointed, 
and  consisted  of  the  then  existing  Members  of  the  Meteorological 
Committee  of  the  Royal  Society. 

The  Observatory  was  handed  over  to  the  Society  by  the  British 
Association  at  its  Edinburgh  Meeting. 

Mr.  Samuel  Jeffery,  formerly  in  charge  of  the  Magnetic  Observatory 
at  Hobarton,  was  then  appointed  Superintendent,  while  Mr.  R.  H.  Scott 
undertook  the  duties  of  Honorary  Secretary  to  the  Committee, 
which  he  continued  to  discharge  for  six  years  nntil  1877,  by  which 
time  the  future  success  of  the  undertaking  was  fully  secured. 

Mr.  Jeffery  held  the  office  of  Superintendent  until  February,  1876, 
when  be  was  succeeded  by  Mr.  G.  M.  Whipple,  B.Sc,  who,  as  appears 
from  the  preceding  pages,  had  been  connected  with  the  Ob««r^«A.Qirj 
for  eigbt^n  jearsr. 
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During  the  period  of  the  connection  of  the  Observatory  with  the 
British  Association  the  expenses  incurred  in  carrying  out  the  various 
experiments  and  researches  as  detailed  in  the  foregoing  pages  were 
considerable.  These  were  met  by  grants  from  the  Government 
Grant  Fund  or  the  Donation  Fund  of  the  Royal  Society,  or  from 
private  sources. 

During  the  last  fourteen  years,  however,  since  the  establishment 
has  been  under  the  management  of  the  Royal  Society  Committee,  the 
necessity  for  gi*eater  economy  has  been  recognised,  and  the  operations 
have  been  earned  on  without  assistance  from  the  Funds  above  men- 
tioned. The  administration  has,  at  the  same  time,  been  so  satisfac- 
torily conducted,  and  the  receipts  for  the  verification  of  instruments 
have  so  largely  increased,  that  the  Committee  have  been  enabled, 
out  of  the  surplus  balances  at  their  disposal  annually,  to  provide 
important  and  costly  additions  to  the  instrumental  equipment  of 
the  Observatory,  such  as  the  complete  refitment  of  the  magneto* 
graphs,  and  the  purchase  successively  of  a  Galton's  Thermometer 
testing  apparatus — of  a  hydraulic  press  for  deep  sea  thermometers 
— of  a  new  cathetometer — and  lastly  of  the  entire  apparatus  for 
watch-rating. 

The  only  extraneous  source  of  income  for  the  Obsei-vatory,  over  and 
above  occasional  small  grants  from  the  Meteorological  Council  for 
special  researches,  has  been  the  money  so  liberally  supplied  by  Mr.  de 
la  Rue  for  the  completion  of  the  measurement  of  the  sun-pictures. 

The  Committee  has,  however,  to  regret  the  gradual  disappearance  of 
many  familiar  faces  from  the  band  of  men  who  took  prominent  parts 
in  the  management  of  the  Observatory  in  former  years. 

Of  Superintendents,  the  death  of  Mr.  Welsh  has  already  been 
noticed,  and  his  predecessor,  Mr.  Ronalds,  after  receiving  the  well- 
merited  honour  of  knighthood  for  his  inventions  in  Telegraphy,  died 
in  1873  at  the  age  of  eighty-five  years. 

Of  the  members  of  the  British  Association  Committee,  Col.  W.  H. 
Sykes,  almost  its  first  Chairman,  died  in  1870;  Sir  C.  Wheatstone, 
whose  name  appears  in  the  very  first  resolution  of  the  British  Associa- 
tion relating  to  Kew,  deceased  in  1871 ;  Mr.  Gassiot,  for  eighteen 
years  the  chairman  of  the  British  Association  Kew  Committee,  and 
the  munificent  patron  of  the  Observatory  in  recent  years,  died  in 
1876 ;  while  Sir  E.  Sabine,  who  had  been  from  first  to  last  identified 
with  the  magnetic  operations  at  the  Observatory,  and  might  almost 
be  termed  the  guiding  spirit  of  the  undertaking,  passed  away  in  1883, 
having  almost  attained  the  patriarchal  age  of  ninety- five  years.  . 

The  following  are  the  most  important  facts  which  can  be  gathered 
from  the  successive  Reports  of  the  Royal  Society  Committee : — 
18  72.  The  Photoheliograph  was  regularly  worked,  as  in  former  years, 
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up  to  tlie  end  of  February,  1872,  at  which  epoch  the  period  expired 
which  was  originally  fixed  by  Mr.  de  la  Rue  for  the  contiDuance  of 
the  obeervations  at  the  expense  of  the  Royal  Society  Government- 
Grant  Fund.  The  observations  were  afterwards  carried  on  up  to  the 
end  of  March,  with  the  object  of  fully  including  ten  years.  Since 
that  date  eye  observations  of  the  sun,  after  the  method  of  Hofrath 
Schwabe,  have  been  made  in  order  that  the  observations  for  connect- 
ing sun-spots  with  magnetic  phenomena  might  not  drop  through  until 
photographic  records  had  been  taken  up  on  a  permanent  footing. 

In  order  to  furnish  the  final  corrections  to  the  reductions  of  the 
sun-pictures,  a  scale  of  equal  parts,  15  feet  in  length,  designed  by  Mr. 
de  la  Rue,  and  made  at  his  expense,  was,  with  the  sanction  of  Her 
Majesty's  Office  of  Works,  erected  temporarily  on  the  Pagoda  at  the 
Royal  Grardens,  Kew.  This  was  photographed  by  the  Kew  Photo- 
heliograph,  and  so  enabled  the  optical  distortion  of  that  instrument  to 
be  determined. 

Observations  were  continued  for  several  months,  when  the  apparatus 
was  taken  down,  and  the  Photoheliograph  lent  for  two  years  to  the 
Astronomer  Royal  for  use  at  Greenwich. 

1873.  A  series  of  experiments  were  commenced  and  carried  on  for 
a  space  of  nearly  two  years  at  the  expense  of  the  Meteorological  Com- 
mittee, at  the  Pagoda  in  the  Royal  Gardens,  to  test  the  influence  of 
height  above  the  ground  on  the  vertical  distribution  of  temperature. 
The  thermometers  were  placed  at  three  different  levels,  viz.,  22  leet 
6  inches,  69  feet,  and  128  feet  10  inches  above  the  ground. 

In  the  month  of  May  a  request  was  received  from  Col.  J.  T.  Walker, 
F.R.S.,  Superintendent  of  the  Great  Trigonometrical  Sarvey  of  India, 
for  provision  to  be  made  at  the  Observatory  for  vibrating  pendulums. 

In  the  year  1865  two  pendulums  lent  by  the  Royal  Society  for  use 
in  India  had  been  vibrated  at  Kew  by  the  late  Capt.  Basevi,  as  explained 
above  ;  and  it  was  necessary  that  these  pendulums  should  be  vibrated 
again  on  their  return,  and  that  at  the  same  time  two  pendulums 
obtained  from  the  Imperial  Academy  of  Sciences  at  St.  Petersbui^g 
should  also  be  vibrated. 

The  Committee  at  once  complied  with  the  request;  and  at  the 
expense  of  the  Indian  Government  preparation  was  made  for  the 
experiments  in  the  south  hall  on  the  basement  story,  by  removing  for 
a  time  the  apparatus  for  testing  sextants,  and  building  up  from  the 
foundation-arches  two  solid  isolated  supports  for  the  Russian  clock 
and  pendulum. 

Capt.  Heaviside,  R.E.,  the  officer  charged  with  the  duty  of  making 
the  pendulum  experiments,  arrived  in  England  in  July,  and,  finding 
all  the  arrangements  satisfactory,  at  once  commenced  his  operations. 

Endeavours  were  made,  in  connection  with  the  arrangements  Y^^^ 
mentioned,  to  obtain  an  electrical  time  commanicatioii  beWeen.  ^'^'^ 
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and  the  Koyal  Observatory  at  Greenwich ;  but  the  proposal  failed  of 
success. 

The  experiments  were  continued  until  the  end  of  May,  1874,  when 
the  apparatus  employed,  with  the  exception  of  the  Russian  pendulums 
and  their  accessories,  was,  at  the  request  of  the  Secretary  of  the  Royal 
Society,  received  at  Kew  for  storage. 

1874.  The  Magnetograph  instruments  were  dismounted  in  January, 
1874,  for  the  purpose  of  thorough  examination  and  readjastment.  The 
necessity  for  this  measure  is  obvious,  when  it  is  remembered  that  the 
instruments  had  been  in  unintermitted  action  for  the  period  of  fifteen 
years. 

The  scale- values  were  accordingly  redetermined,  and  the  instruments 
handed  over  to  Mr.  Adie  for  examination  and  repair.  They  were 
returned  and  remounted  in  May,  but  were  not  at  that  time  set  in 
continuous  action,  inasmuch  as  it  was  intended  that  the  automatic 
records  should  be  suspended  for  the  entire  year,  so  as  to  commence 
a  new  series  of  observations  with  the  year  1875. 

In  this  year  an  improved  automatic  Electrograph,  invented  by  Sir 
W.  Thomson,  was  erected  and  set  in  operation. 

In  the  year  1873  a  grant  had  been  obtained  from  the  Government- 
Grant  Committee  for  the  purpose  of  carrying  on  a  series  of  experiments 
on  the  constants  of  Robinson's  Anemometers ;  and  a  piece  of  ground 
in  the  Park  was  rented.  Several  anemometers,  of  various  construc- 
tions, were  erected  therein. 

The  experience  of  a  few  months  was  sufficient  to  show  that  the  ex- 
posure in  the  Park  was  not  nearly  sufficiently  open  to  afford  facilities 
for  testing  the  instruments  at  any  but  very  low  velocities,  and  not 
satisfactorily  even  in  such  cases.  Application  was  therefore  made  to 
the  Secretary  of  the  Crystal  Palace  Company  for  permission  to  employ 
a  rotary  machine  driven  by  steam-power,  so  as  to  be  able  to  vary  the 
velocities  at  pleasure. 

Consent  having  been  most  freely  given,  the  experiments  were  com- 
menced, and  the  instruments  tested  at  various  velocities  up  to  about 
thirty  miles  an  hour,  the  highest  attainable  by  the  apparatus. 

A  paper  on  the  results  of  these  experiments  was  laid  before  the 
Royal  Society  by  Prof.  Stokes  in  1881  (Proceedings  Royal  Society, 
Vol.  XXXII,  p.'l70). 

1875.  The  year  was  marked  by  the  recommencement  of  regular 
work  with  the  Magnetograph s.  The  instruments  were  set  in  action  on 
the  1st  of  January,  1875,  and  therewith  the  second  series  of  continuous 
photographic  records  of  magnetic  phenomena  was  inaugurated. 

The  principal  constants  employed  in  the  computations  for  the  Tables 

used  in  the  reduction  of  the  monthly  absolute  observations  which  had 

been  determined  by  Mr.  Welsh  were  also  re-examined.    A  memorandum 

containing  the  results  of  the  observations  in  question  for  the  twelve 
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months  ending  September  30th,  1875,  was  prepared  and  appended  to 
the  Report  for  the  year,  and  has  formed  a  feature  of  every  subsequent 
annual  ireport. 

The  Registering  Sunshine  Recorder  invented  by  the  late  Mr.  J.  F. 
Campbell,  of  Islay,  F.G.S.,  wliich  had  been  in  operation  for  about 
twenty  years  at  the  Office  of  the  Local  Government  Board,  8, 
Richmond  Terrace,  Whitehall,  was  transferred  to  Kew,  and  set  in 
action  at  the  Observatory.  The  instrument  consists  of  a  glass  sphere 
and  wooden  bowl,  and  the  efFect  is  measured  by  the  amount  of  wood 
charred  by  the  sun's  action  in  the  course  of  six  months.  Experiments 
were  set  in  progress  at  the  Observatory  to  obtain  a  satisfactory  daily 
record  of  the  duration  of  the  sun's  heating  action  by  a  similar  method. 

1876.  In  the  previous  year  Mr.  C.  S.  Peirce,  of  the  United  States 
Coast  Survey,  had  made  through  the  Admiralty  an  application  to  the 
Royal  Society  to  swing  his  pendulums  at  the  Observatory.  Permission 
was  at  once  granted,  and  Mr.  Peirce  arrived  at  Kew  in  June,  1876,  and 
as  soon  as  some  necessary  fittings  had  been  put  up  in  the  Pendulum 
Room  he  erected  his  apparatus,  and  made  a  complete  series  of  vibrations. 

In  1876,  at  the  request  of  the  Editor  of  the  Times,  and  at  the 
expense  of  that  journal,  the  StafF  commenced  the  preparation  of  a 
weekly  diagram  showing  the  traces  of  the  self-recording  meteorological 
instruments  on  a  reduced  scale,  together  with  an  epitome  of  the  general 
features  of  the  weather.  This  has  appeared  without  intermission  from 
that  date. 

The  examination  and  checking  of  the  work  of  the  self-recording 
Observatories  of  the  Meteorological  Committee  was  discontinued  in 
November.  This  change  of  arrangements  involved  a  considerable 
reduction  in  the  amount  allowed  by  the  Meteorological  Office  to  Kew, 
as  its  central  Observatory. 

1877.  Sir  Edward  Sabine  having  brought  the  discussion  of  the 
Magnetical  Observations  carried  on  under  his  superintendence  in  all 
parts  of  the  globe  for  a  period  of  nearly  forty  years,  to  a  close  in 
a  final  "  Contribution,"  presented  to  the  Royal  Society  (No.  XV,  Phil. 
Trans.,  Vol.  167),  represented  to  the  War  Office  that  he  was  able  to 
dispense  with  the  further  services  of  the  two  Sergeants  of  the  Royal 
Artillery  who  had  acted  as  his  clerks,  and  had  been  in  constant  attend- 
ance at  Kew  since  November,  1871.  These  men  were  in  consequence 
withdrawn  on  the  31st  of  March. 

The  documents  deposited  in  Sir  £.  Sabine's  late  office  were  pre- 
sented by  the  War  Office  to  the  Royal  Society,  and,  in  conformity 
with  instructions  received  from  the  Council,  are  retained  in  the  custody 
of  the  Observatory.  A  detailed  list  of  these  documents  and  papers  has 
been  prepared,  and  a  selection  made  of  all  those  relating  to  marine 
observations,  which,  at  the  request  of  the  Hydrographer,  were  twMOL^- 
f erred  to  the  Hydrographi^  Department  of  the  Admiralty. 
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A  system  was  organized  for  etching  a  **  Hall-mark/*  as  in  the 
annexed  fignre,  upon  all  Thermometers  which  have  been 
verified. 

The  Astronomer  Royal  having  courteously  offered  the  Committee 
every  facility  for  a  suggested  comparison  between  the  Greenwich  and 
Kew  Standard  Barometers  during  April  and  May,  a  number  of  cai-e- 
f ully  selected  Portable  Standard  Barometers  were  conveyed  to  and  fro 
between  Greenwich  and  Kew  on  three  separate  occasions,  and  a  large 
number  of  comparative  readings  were  obtained  by  the  Superintendent 
and  Messrs.  Baker  and  Foster. 

A  complete  detailed  account  of  the  experiment  was  drawn  up, 
and  laid  before  the  Royal  Society,  February  7th,  1878.  (Proceedings, 
Vol.  XXVII,  p.  76.) 

A  Hydi*aulic  Press  especially  constructed  for  the  purpose  of  .sub- 
jecting Deep  Sea  Thermometers  to  pressures  similar  to  those  they 
experience  when  sunk  to  great  depths,  was  erected  in  the  workshop. 
It  is  capable  of  exerting  a  strain  equal  to  4  tons  on  the  square  inch. 

1879.  Experiments  were  commenced  at  the  Observatory,  with  the 
view  of  determining  the  relative  merits  of  different  patterns  of 
thermometer  screens,  and  continued  for  upwards  of  two  years.  For 
tliis  purpose  there  were  erected  on  the  lawn  a  Stevenson's  screen, 
of  the  ordinary  pattern,  and  a  large  wooden  cage,  enclosing  a  Wild's 
Hcreen,  of  the  pattern  employed  in  Russia.  Each  of  these  screens 
contained  a  dry  and  a  wet  bulb  thermometer,  and  a  maximum  and 
minimum,  all  of  which  were  read  daily,  at  9  a.m.  and  9  P.M.,  their 
indications  being  compai*ed  with  those  of  the  thermograph  at  the 
same  hours. 

A  discussion  of  the  twenty-eight  months'  observations  was  sub- 
sequently made  by  Mr.  Whipple,  and  the  results  published  by  the 
Meteorolopfical  Council. 

1880.  A  Sub-Committee,  which  had  been  appointed  in  1878  to 
consider  the  best  means  of  utilising  the  records  of  the  magnetographs, 
reported  that  it  was  inadvisable,  in  their  opinion,  to  proceed  with  the 
regular  tabulation  of  the  curves,  and  suggested  that  attention  should 
rather  be  directed  to  their  comparison  with  synchronous  curves,  taken 
at  other  Magnetic  Observatories  in  different  parts  of  the  globe,  in 
order  to  ascertain  whether  similar  disturbances  occur  at  these  several 
stations,  and  at  what  time  intervals ;  with  a  view  to  the  development 
of  the  theory  of  magnetic  disturbance. 

In  order  to  carry  out  this  scheme,  a  circular,  inviting  co-operation 
on  the  part  of  observers  provided  with  magnetographs  of  the  Kew 
pattern,  was  issued  to  the  Directors  of  the  following  Observatories : — 
Iktavia,  Bombay,  Brussels,  Coimbra,  Coliiba,  Lisbon,  Mauritius, 
^[I'lbourne,  Potsdam.  St.  Petersburg  (Pawlowsk),  San  Fernando, 
Stuu^Lurat,  Utrecht,  Yieiina,  and  Zi-Ka-Wei.    Replies  favoui'able  to 
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the  project  were  received  from  all  those  whose  instruments  were  work- 
ing nnder  satisfactory  circamstances. 

An  examination  of  the  recoixls  for  the  year  1879  indicated  the 
month  of  March  as  that  most  suitable  for  the  purpose  of  the  com- 
parison. Accordingly,  a  further  request  for  copies  of  the  Declination 
carves  for  that  month  was  issued,  and,  in  response,  they  were  received 
from  Coimbra,  Colaba,  Lisbon,  Mauritius,  Melbourne,  St.  Petersburg, 
Stonyhurst,  Toronto,  Utrecht,  Vienna,  and  Zi-Ka-Wei. 

The  comparison  of  these  magnetic  curves  was  undertaken  by  Pro- 
fessor W.  Grylls  Adams,  who  communicated  to  the  Swansea  Meeting 
of  the  British  Association  a  prelimiuaiy  account  of  the  principal  facts 
which  came  to  light.  This  was  followed  by  a  second  paper  printed  in 
the  Report  of  the  York  Meeting,  1881. 

At  the  request  of  the  Council  of  the  Royal  Astronomical  Society,  the 
valuable  collection  of  MSS.  containing  the  memorable  series  of  sun-spot 
observations  made  by  Hofrath  Schwabe,  of  Dessau,  during  the  years 
1825  to  1867,  which  had  been  deposited  in  the  Library  of  the  Obsur- 
vatory,  the  first  volumes  since  1865,  was  transferred  to  the  Society's 
Library  at  Burlington  House,  London.  In  order,  however,  to  render 
the  collection  of  sun-spot  observations  as  complete  as  possible,  and  to 
prevent  the  total  loss  of  the  observations  in  case  of  fire,  the  Committee 
voted  the  sum  of  90Z.  to  defray  the  cost  of  making  a  complete  copy  of 
the  solar  drawings. 

This  was  accordingly  done,  and  accurate  tracings  made  of  every  one 
of  Schwabe's  drawings.  These  were  pasted  into  blank  books,  and  any 
important  notes  were  transcribed  at  the  same  time. 

The  Observatory,  therefore^  now  possesses  a  complete  record  of  the 
condition  of  the  sun's  surface,  extending  from  November,  1825,  to  the 
present  date. 

In  1881,  an  application  was  received  from  Major  Herschel,  R.E., 
F.R.S.,  by  authority  of  the  India  Office,  for  permission  to  make  certain 
experiments  with  the  invariable  pendulums  deposited  at  Kew,  and  for 
the  loan  of  the  instruments,  with  their  accompanying  appliances,  with 
facilities  for  prosecuting  the  experiments  at  the  Observatory. 

These  requests  were  granted,  and  in  the  autumn  of  the  year  operations 
were  carried  on,  both  in  the  Pendulum  Room  and  in  the  Experimental 
House  at  Kew. 

On  completing  his  work  Major  Herschel  conveyed  the  instruments 
he  employed,  first  to  the  Royal  Observatory,  Greenwich,  and  sub- 
sequently to  a  house  near  Portland  Place,  London.  Series  of  observa- 
tions were  made  in  both  those  places,  with  the  object  of  reducing  to  a 
common  standard  the  determinations  of  gravity  made  by  Kater,  Airy, 
Sabine,  and  others. 

On  the  conclusion  of  these  latter  experiments,  Major  HerRc\\^\  c/wv- 
veyed  the  pendulums,  clock,  (tc,  to  America,  where,  a^tet  TxyaVaw^  ^ 
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series  of  observations  at  Washington,  he  handed  them  over  to  thw 
officers  of  the  United  States  Coast  Department.  Subsequently  Professor 
C.  S.  Peirce,  of  the  United  States  Coast  Survey,  who  had  made  a  series 
of  pendulum  observations  at  Kew  and  elsewhere  in  1876,  visited  the 
Observatory  in  July,  1883,  and  made  a  subsidiary  series  of  experiments 
with  a  view  of  determining  the  flexure  of  his  stand  when  on  the  Kew 
piers. 

1882.  In  April  of  this  year  the  Chairman  announced  the  comple- 
tion of  the  long  series  of  reductions  of  the  K!ew  Photoheliograph 
measurements,  extending  over  the  period  February  7th,  1862,  to  April 
9th,  1872.  He  stated  that  the  MSS.  volumes  containing  the  results 
had  been  deposited  for  reference  with  the  Royal  Society,  and  that  the 
whole  of  the  sun-pictures  had  been  re-measured  at  the  Observatory, 
and  reduced  by  Mr.  A.  Marth,  F.R.A.S.,  so  as  to  give  the  heliocentric 
longitudes  and  latitudes  of  the  spots,  as  well  as  their  areas. 

The  entire  expense  attendant  on  these  redactions,  which  has 
amounted  to  the  considerable  sum  of  1,4*621.  6«.  7d.,  was  defrayed  by 
Mr.  de  la  Rue.  This  amount  was  in  addition  to  the  sums  that  gentle- 
man had  previously  disbursed  in  contributing  to  the  maintenance  of 
the  Photoheliograph,  and  the  prosecution  of  solar  research.  The  total 
amount  of  his  payments  towards  this  branch  of  the  Observatory  work 
has  reached  the  large  sum  of  2,071  Z.  15^.  4id, 

In  the  same  year  the  Committee  received  very  gratifying  testimony  as 
to  the  accuracy  of  the  Standard  Thermometers  constructed  at  the  Obser- 
vatory. In  a  paper  contributed  to  the  "American  Journal  of  Science," 
Dr.  Leonard  Waldo,  of  the  Winchester  Observatory,  Yale  College, 
U.S.A.,  remarks  that  after  a  critical  examination  of  three  Kew  Standard 
Thermometers,  in  which  every  degree  was  separately  measured,  entail- 
ing no  less  than  2,300  micrometer  readings,  he  came  to  the  conclusion 
that  their  errors  are  practically  insensible,  and  too  small  to  be  detected 
with  certainty. 

Professors  Thorpe  and  Riicker  also  tested  very  minutely  three  similar 
instruments  made  for  them  at  Kew.  In  a  paper  read  at  York  before 
the  British  Association,  Professor  Riicker  stated,  *'  In  no  case  would 
the  calibration  error  in  the  determination  of  a  difference  of  tempera- 
ture have  amounted  to  0'02^  C.  It  may  therefore  be  concluded  that 
Welsh's  method,  as  applied  at  Kew  to  selected  tubes,  and  with  a 
measuring  instrument  of  great  accuracy,  is  capable  of  giving  first-rate 
results.  The  errors  which  remain  when  it  has  been  applied  are  so 
small  that  they  may  be  neglected  in  all  cases  but  those  where  the 
thermometers  are  to  be  used  under  the  most  favourable  conditions, 
?.e.,  with  the  stem  of  the  same  temperature  as  the  bulb,  &c.  Tliis 
satisfactory  conclusion  is  conBrmed  by  the  fact  that  Professor  Rowland 
hA3  recently  stated  that  the  calibration  of  the  Kew  thermometer  used 
i6r  Jn'rn  in  his  research  on  the  mechanical  equivalent  of  heat  waa 
practical Jjr  perfect "     (British  Association  B^i^orl,  I'^^Y,  ^.  ^4V.^ 
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1863.  In  this  year  the  Committee  decided  to  make  a  trial  of  a 
sjstem  of  watch-rating  for  the  public,  and  granted  lOOZ.  for  the 
preliminary  expenses.  In  accordance  with  a  scheme  prepared  by  the 
Superintendent,  they  fitted  up  iu  the  Observatory  a  first-class  barglar- 
and  fire-proof  safe  for  the  safe  custody  of  the  watches.  In  the  next 
year's  Report  we  learn  that  the  arrangements  for  rating  watches 
mentioned  in  last  year*s  Report  had  been  completed  and  brought  into 
operation  successfully,  at  a  cost  of  193Z. 

1864.  A  second  safe  having  been  purchased  by  the  Committee,  an 
appuratos  was  fitted  to  it  which  enables  the  enclosed  watches  to  be 
maintained  continuously  at  either  high  or  low  temperatures,  whichever 
may  be  required,  and  furthermore  without  being  subjected  to  injury 
by  fumes  of  gas  in  the  former  case. 

The  following  was  the  constitution  of  the  Kew  Committee  at  the 
close  of  the  year  1884 : — 

Mr.  W.  de  la  Rue,  Chairman. 

Captain  W.  de  W.  Abney,  R.E. 

Professor  W.  G.  Adams. 

Captain  Sir  F.  Evans,  K.C.B. 

Professor  G.  C.  Foster. 

Mr.  F.  Gal  ton. 

Admiral  Sir  G.  H.  Richards,  C.B. 

The  Earl  of  Rosse. 

Mr.  R.  H.  Scott. 

Lieut. -General  W.  J.  Smythe. 

Lieut.- General  R.  Strachey,  C.S.I. 

Mr.  K.  Walker. 

The  staff  employed  at  the  same  date  was  as  follows : — 

G.  M.  Whipple,  B.Sc.,  Superintendent. 

T.  W.  Baker,  Chief  Assistant  and  Magnetic  Observer. 

J.  Foster. 

H.  McLaughlin. 

E.  G.  Constable. 

T.  Gunter. 

With  five  juniors. 
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The  following  may  be  considered  as  a  sammarised  Rtaiement  of  the 
scientific  work  done  at  the  Kew  Observatory  since  its  foundation  as  a 
Physical  Observatory: — 

1.  Improvements  in  the  constmction  and  mannfactnre  of  instru- 

ments for  meteorological  observations,  the  production  of  new 
ones,  and  the  modification  of  older  forms. 

2.  The  same  with  regard  to  magnetic  and  electrical  instruments. 

3.  The  distribution  of  such  instruments  over  the  globe. 

4.  The  ensuring  of  accuracy  of  observations  by  means  of  the 

verification  and  distribution  of  standard  instruments  and  the 
instruction  of  observers. 

5.  The  continuous  recording  of  magnetical  and  meteorological 

phenomena. 

6.  The  practical  adaptation  of  photography  to  scientific  purposes, 

and  especially  to  the  continuous  registration  of  phenomena 
occurring  on  the  sun's  surface. 

7.  The  improvements  of  nautical,  geographical,  fiscal,  physical, 

and  medical  instruments  by  verification,  and  of  horological 
by  watch-rating. 

8.  Assistance  in  the  prosecution  of  research  in  the  following 

sciences : — 

1.  Astronomy. — De  la  Rue's,  Stewart's,  and  Loewy's  solar 

researches ;  Gassiot's  spectroscopy. 

2.  Geodesy. — Pendnlum   observations — Basevi,  Heavlside, 

Peirce,  Herschel. 
8.  Magnetism. — Sabine  and  others  too  numerous  to  mention. 
4.  Meteoroh'Cjy. — Ditto,  ditto, 

6.  Phyaics. — Roscoe  s  Actinometry  ;  Stewart's  ditto. 

Sauitiiry  Institution — Ventilation. 
Greiivos,  Evaporation. 

Stewart,  Dilatation  of  Air  and  Theory  of  Ex- 
change Experiments. 
Stokes,  Friction  of  Gtises. 
Loewy,  Pressure  on  Thermometers. 
Anomometrical  Coefficients,  &c. 
6.  Magnetic  Snrv(*ys — Scotch   (Welsh)  ;  Arctic  and  Ant- 
arctic— Perry's,  Thorpe's,  Ac;   Fort  Rae  and  other 
Expeditions. 
The  following  Appendices  supply  particulars  as  to  the  opeititions 
at  the  Observatory  in  successive  years : — 

A.  Physical  Constants  for  Kew  Observatory. 

B.  List  of  Observatories  supplied  with  Magnetograpbs. 

C.  „  „  „  Meteorographs. 

D.  List  of  Verifications. 

K   Catalogue  of  Papers  relating  to  Kew  Observatory. 
F,  Annual  Statement  of  Money  received "bj  ISja^  OV^etvatory. 
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13.  List  of  Obseevatoeies  supplied  with  Kkw  Patteen  Magnetogeaphs. 

Madrid" }  ^'i^^s'  pattern. 

1.  Batavia. 

2.  Coimbra. 

3.  Lisbon. 

4.  United  States  (?). 

5.  St.  Petersburg  (Pawlowsk). 

6.  Florence. 

7.  Stonyhurat. 

8.  Utrecht. 

9.  Melbourne. 

10.  Bombay  (Colaba). 

11.  Mauritius. 

12.  Vienna  (Hohe-Warte.) 

13.  Zi.Ka-Wei. 

14.  San  Fernando. 

15.  Potsdam. 

16.  Brussels.  ' 

17.  Nice. 

18.  United  States  (Naval  Department.) 


C.   List  of   Observatories  supplied  with  self-recording  Meteoro- 

logical  Instruments  on  the  Kew  Model. 

Barograph.  Thermograph.  Anemograph.  Rain  gauge. 


Valencia             

1     1 

1     1 

Armagh               

1     ] 

1     1 

Aberdeen             

1     ] 

1     1 

Glasgow              

Stouyhurst         

Falmouth            

1     1 

1     ] 

1     J 

1     1 

1     1 

1     1 

Radcliffe             

1     1 

1     1 

Toronto               

1     ] 

Mauritius            

1     ] 

Brussels               

Zi-Ka-Wei          

L     1     

Adelaide              

Japanese  Govt 

Hong-Kong        

Bombay               

Sydney                 

L     1 

L     1     - 

Mellourne           

I     

Batavia                

L     —    ] 
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D.  List  of  Verifications  completed  at  the  Obsekvatoby. 

Standard 
Theniiometera 
Thermometers.      Barometers.      Hydrometers.  mode. 


1852-63  .... 

1  •  «             «  •  • 

•  •  •           •  •  •  < 

...  70 

1853-54  .... 

..   181  ... 

...   23  ... 

...  24 

1854-55  .... 

..  2520  ... 

...  257  ... 

...  1269  ... 



1855-56  .... 

..   530  ... 

...  137  ... 

...   100  ... 

1856-57  .... 

...  1524  ... 

...  278  ... 

...   751  ... 

1857-58  .... 

...   268  ... 

...  221  ... 

...   150  ... 

1858-59  .... 

..   911  ... 

...  1B7  ... 

92  ... 

1859-60  ... 

...   222  ... 

...  173  ... 



1860-61  ... 

...   660  ... 

...  1.50  ... 

8  ... 

...   7 

1861-62  ... 

...   282  ... 

...  184  ... 



1862-68  ... 

...   296  ... 

...  130  ... 

22  ... 

...   1 

18C;^-64  ... 

...   389  ... 

...   97  ... 

...   5 

1864-65  ... 

...   420  ... 

...   88  ... 



...   6 

1865-66  ... 

...   395  ... 

...  126  ... 

...   8 

1866-67  ... 

...   608  ... 

...   89  ... 

...   2 

1867-68  ... 

...  1138  ... 

...   78  ... 

...  14 

1868-69  ... 

...  1153  ... 

...  157  ... 

38  ... 

...  U 
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E.  CATALOGUE  OF  PAPERS  RELATING  TO  KEW 

OBSERVATORY. 

Adains,  W.  QrylU — 

Comparison  of  Curves  of  the  Declination  Magnetographs  at  Kew, 

Stonyhurst,  Coimbi'a,  Lisbon,  Vienna,  and  St.  Petersburg. 

Brit,  Assoc.  Hep,,  L,  1880,  pp.  201-209. 
On  Magnetic   Disturbances   and   Earth-Currents.      Brit,   Assoc, 

Bep,,  LI,  1881,  pp.  4G3-474. 
Beckleijy  B. — 

Description  of  a  Self-recording  Anemometer.     Brit,  Assoc,  Bep,, 

XXVIII,  1858,  pp.  306,  3u7. 
i?iW,  W.  R,— 

Report  on  the  Discussion  of  the  Electrical  Obsei-vations  at  Kew. 

Brit.  Assoc.  Bep.,  1849,  pp.  113-199. 
l)e  la  BuCy  Warreii — 

On   the   Total    Solar   Eclipse   of   July  ]8th,    1860,  observed  at 

Rivabellosa,  near  Mii-anda  de  Ebro,  in  Spain.     Phil,  Trans.^ 

1862,  pp.  388-416. 
Researches  on  Solar  Physics.    First  Series.    On  the  Nature  of  Sun- 
spots.     Amer.  Journ.  Science,  XLIII,  1867,  pp.  179-192. 
Researches  on  Solar  Physics.    Second  Series.     Ai>ea  Measurement 

of  the  Sun-spots  observed  by  Carrington  during  the  seven 

years  from  1854-1860  inclusive,  and   deduction  therefrom. 

Amer,  Jouni.  Science,  XLIII,  1867,  pp.  822-330. 
Results  of  the  Observations  on  Sun-spots  made  in  Kew  and  in 

Dessau  during  the  years  1867-68.     Astron,  Soc,  Mi/nth,  Not., 

XXVIII,  1868,  pp.  44,  45 ;  XXIX,  1869,  p.  95. 
Sun-spots  and  general  Aspect  of   the  Sun  on  the  day  of  the 

Total  Eclipse,  18th  August,  1868.     Astron,  Soc.  Month,  Not,, 

XXIX,  1869,  pp.  3,  4. 

Summary  of  Sun-spot  Observations   made   by  the  Kew  Photo- 
heliograph  during  the  years  1869-72.     Astron.  Soc.  Month, 
Not.,  XXX,  1870,  p.  60;  XXXI,  1871,  pp.  79,  80;  XXXII, 
1872,  pp.  225,  226;  XXXIII,  1873,  pp.  173,  174. 
De  la  Bve,  Stewart,  and  Loewy — 

Researches  on  Solar  Physics.  First  Series.  On  the  Nature  of 
Solar  Spots.  Boy.  Soc.  Froc,  XIV,  1865,  pp.  37-39 ;  Fhil. 
Marf.,  XXIX,  1865,  pp.  237-239. 

Researches  on  Solar  Physics.  Second  Series.  On  the  Behaviour 
of  Sun-spots  with  regard  to  Increase  and  Diminution.  Boy. 
Soc.  Proc,  XIV,  1865,  pp.  59-63;  Phil,  Mag.,  XXIX,  18G5, 
pp.  390-394. 


78  Mr.  R.  H.  Scott. 

Note  regarding  the  Decrease  of  Actinic  Effect  near  the  Circntn* 

ference  of  the  Snn  as  shown  by  the  Kew  Pictures.    Astran. 

Sue,  Month.  Not,  XXVI,   1866,  pp.   74-76;    FhU.   Mag., 

XXXI,  1866,  pp.  243,  244. 
Note  on  the  Distribution  of  Solar  Spotted  Areas  in  Heliographic 

Latitude.     Fhil  Mag.,  XXXIII,  1867,  pp.  79,  80 ;  Astron. 

8oc.  Month.  Not.,  XXVII,  1867,  pp.  12-14. 
Account  of  some  recent  Observations  on  Sun-spots  made  at  the 

Kew  Observatory.    Boy.  Soc.  Proc,  XVI,  1868,  p.  447. 
Researches  on  Solar  Physics.      Heliographical   Positions  and 

Areas  of  Sun-spots  observed  with  the  Kew  Photoheliograph 

duringthe  years  1862  and  1863.   (1868.)  Phil.  Trans.,  CLIX, 

1869,  pp.  1-110. 
Researches  on  Solar  Physics.  ,No.  2.    The  Positions  and  Areas  of 

the  Spots  observed  at  Kew  during  the  years  1864,  1865, 

1866 ;  also  the  Spotted  Area  of  the  Sun's  visible  Disk  from 

the  commencement  of  1832  up  to  May,  1868.     Phil.  Trans., 

CLX,  1870,  pp.  389-496 ;  Phil.  Mag.,  XL,  1870,  pp.  53,  54 ; 

Boy.  Soc.  Proc.,  XVIII,  1870,  pp.  263,  264. 
Further  Investigations  on  Planetary  Influence  upon  Solar  Activity. 

Boy.  Soc.  Proc,  XX,  1872,  pp.  210-218. 
On  some  recent  Researches  in  Solar  Physics,  and  a  law  regulating 

the  time  of  duration  of  the  Sun-spot  period.    (1871.)     B<»y. 

Soc.  Proc,  XX,  1872,  pp.  82-87,  290  ;  Phil.  Mag.,  XLIII, 

1872,  pp.  385-390. 

On  a  Tendency  observed  in  Sun-spots  to  change  alternately  from 
one  Solar  Hemisphere  to  the  other.     Boy.  Soc  Proc,  XX  f, 

1873,  pp.  399-402. 
Everett,  Joseph  D. — 

Results  of  Observations  of  Atmospheric  Electricity  at  Kew 
Observatory  and  at  King's  College,  Windsor,  Nova  Scotia. 
Phil.  Trans.,  CLVIII,  1868,  pp.  347-361 ;  Boy.  Soc  Proc, 
XVI,  1868,  pp.  195,  196 ;  Phil.  Mag.,  XXXIV,  1867,  pp.  543, 
544. 
Oa^siot,  J.  P. — 

On  the  Adaptation  of  Bisulphide-of-Oarbon  Prisms,  and  the  use  of 
Telescopes  of  long  focal  distance,  in  the  Examination  of  the 
Sun's  Spectrum.  Brit.  Assoc  Bep.,  XXXIV,  1864  (Part  2), 
p.  11. 

On  Spectrum  Analysis,  with  a  description  of  a  large  Spectroscope 
having  nine  Prisms,  and  Achromatic  Telescopes  of  two  feet 
focal  power.    (1 863.)    Phil.  Mag.,  XXVII,  1864,  pp.  14H,  144. 

Description  of  a  Train  of  Eleven  Sulphide-of-Carbon  Prisms 
arranged  for  Spectrum  Analysis.  Boy.  Soc  Proc,  XIII, 
1864,  pp.  183-185 ;  Phil.  Mag.,  XXVUI,  1864,  pp.  69-71. 
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Description  of  a  Rigid  Spectro!«cope,   constructed  to   ascertain 

whether  the  position  of  the  known  and  well-defined  lines  of 

a  spectrum  is  constant  while  the  co-efficient  of  terrestrial 

gravity  nnder  which  the  observations  are  taken  is  made  to 

vary.     Eoij.  8oc.  Proc,  XIV,  1865,  pp.  320-326. 
On  the  Observations  made  with  a  Rigid  Spectroscope  by  Captain 

Mayneand  Mr.  Connor,  Second  Master  of  H.M.S.  **  Nassau," 

on  a  voyage  to  the  Straits  of  Magellan.    (1867.)     Roy.  Soc. 

Proc,  XVI,  1868,  pp.  6-19. 
Kew  Committee  (The) — 

Results  of  the  Monthly  Observations  of  Magnetic  Dip,  Horizontal 

Force,  and  Declination  made  at  the  Kew  Observatory  from 

April  1869  to  March  1875  inclusive.     Roy.  Soc.  Proc,  XXIV, 

1876,  pp.  232-240. 
Rigaud,  Major-Oeiieral  Gibbes  — 

Dr.   Demainbray,  and   the   King's  Observatory  at  Kew.      The 

Observatory,  1882,  Vol.  V,  pp.  279-285. 
Ronalds,  Sir  F. — 

Report  concerning  the  Observatory  of  the  British  Association  at 

Kew  from  1st  Angnst  1843  to  31st  July  1844.     Rn't.  Assoc. 

Rep.,  1844,  pp.  120-142. 
On  the  Meteorological  Observations  at  Kew,  with  an  Account  of 

the  Photographic  Self- registering  Apparatus.      Brit.  Assoc. 

Rep.,  1846  (Part  2),  pp.  10,  11. 
Experiment   made    at    the   Kew   Observatory  on  a  new   Kite- 

Apparatns   for  Meteorological   Observations.      Phil.   Mag.j 

XXXI,  1847,  pp.  191,  192. 
On   Photographic  Self-registering  Meteorological  and  Magnetic 

Instruments.     PhU.  Trans.,  1847,  pp.  111-117. 
Reports  concerning  the  Observatory  of  the  British  Association  at 

Kew.    Brit.  Assoc  Rep.,  1849,  pp.  80-87  ;  1850,  pp.  176-186 ; 

1851,  pp.  335-370. 
Sabine,  Sir  E.— 

Report  on  the  Kew  Magnetog^phs.     Brit.  Assoc.  Rep.,  1851,  pp. 

325-328. 
On  the  Laws  of  the  Phenomena  of  the  larger  Disturbances  of  the 

Magnetic  Declination  in  the  Kew  Observatory,  with  notices 

of  the  progress  of  our  knowledge  regarding   the  magnetic 

storms.     Roy.  Soc.  Proc,  X,  1859-60,  pp.  624-631. 
On  the  Secnlar  Change  in  the  Magnetic  Dip  in  London  between 

the  years  1821  and  1860.     Roy.  Soc  Proc,  XI,  1860-62,  pp. 

144-163. 
Notices   of  some   Conclusions  derived   from   the   Photographic 

Records  of  the  Kew  Declinometer,  in  the  years  1858,  1859^ 

1860,  and  1862.    Boy.  Soc  Proc,  XI,  1860-6'2,  p^.  b^^Vb^^- 


80  Mr.  R.  H.  Scott- 

Results  of  the  Magnetic  Observations  at  the  Kew  Observatory, 
from  1857-8  to  1862  inclusive.  FhiL  Trans,,  1863,  pp. 
273-284. 

A  Comparison  of  the  most  notable  Disturbances  of  the  Magnetic 
Declination  in  1858  and  1859  at  Kew  and  at  Nertschinsk, 
preceded  by  a  brief  retrospective  view  of  the  progress  of 
the  investigation  into  the  laws  and  causes  of  the  magnetic 
disfcurbances.  FMl  Trans,,  CLIV,  1864,  pp.  227-246,  Roy. 
Soc.  Proc,  XIII,  1864,  pp.  247-252. 

Results  of  the  Magnetic  Observations  at  the  Kew  Observatory. 
No.  3.  Lunar-Diurnal  Variation  of  the  three  Ma^pietic 
Elements.  Phil.  Trans.,  CLVI,  1866,  pp.  441-452,  Boy.  Soc. 
Proc,  XV,  1867,  pp.  249,  250. 

Results  of  the  first  year's  performance  of  the  Photographically 
Self-recording  Meteorological  Instruments  at  the  Central 
Observatory  of  the  British  System  of  Meteorological  Obser- 
vations (1869).     Boy.  Soc.  Proc,  XVIII,  1870,  pp.  3-12. 

Records  of  the  Magnetic  Phenomena  at  the  Kew  Observatory. 
No.  4.  Analysis  of  the  Principal  Disturbances  shown  by  the 
Horizontal  and  Vertical  Force  Magnetometers  of  the  Kew 
Observatory,  from  1859  to  1864.  Phil.  Trans.,  CLXI,  1871, 
pp.  307-320. 
Scotf,  Bobert  II.— 

Results  of  Observations  made  at  the  Pagoda,  Kew  Gardens,  to 
determine  the  Influence  of  Height  on  Temperature,  Va])our 
Tension,    and  Humidity.     Quarterly   Weather  Report  of  the 
Meteorological  Office,  1876.     App.,  pp.  [20]-[37]. 
Slcivart,  B. — 

On  some  Results  of  the  Magnetic  Survey  of  Scotland  in  the  years 
1857  and  1858,  undertaken  by  the  late  John  Welsh.  Brit. 
Assoc.  Bep.,  1859,  pp.  167-190. 

An  Account  of  the  Construction  of  the  Self- Recording  Magneto- 
graphs  at  present  in  operation  at  the  Kew  Observatory  of  the 
British  Association.     Brit.  Assoc.  Bep.,  1859,  pp.  200-228. 

On  the  great  Magnetic  Disturbance  of  28th  August  to  7th 
September,  1859,  as  recorded  by  Photography  at  the  Kew 
Observatory.  Boy.  Soc.  Proc,  XI,  18G0-G2,  pp.  407-410; 
Phil.  Trans.,  1861,  pp.  423-430. 

On  the  Magnetic  Disturbance  which  took  place  on  the  14th  De- 
cember, 1862.  Boy.  Soc  Proc,  Xll,  1862-63,  pp.  663-668 ; 
Phil.  Mag.,  XXVII,  1864,  pp.  471-475. 

An  Account  of  Experiments  on  the  Change  of  the  Elastic  Force  of 
a  Constant  Volume  of  Atmospheric  Air,  between  32^  Fahr. 
and  212°  Fahr.,  and  also  on  the  Temperature  of  the  Melting- 
point  of  Mercury.     Phil.  Trans.,  1863,  pp.  425-435. 
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On  the  Forces  concerned  in  producing  Magnetic  Disturbances. 
Boy.  Inst.  Proc,  IV,  1863,  pp.  55-61. 

On  the  Sudden  Squalls  of  30th  October  and  21st  November, 
1863.    Roy,  Soc.  Proc,  XIII,  1868,  pp.  51,  52. 

On  the  Errors  of  Aneroids  at  various  pressures.  Brit,  Assoc. 
Bep.,  XXXVII,  1867  (Sect.),  pp.  26,  27. 

On  a  Self-recording  Bain-Oauge.  Brit.  Assoc,  Bep.,  XXXIX, 
1869  (Sect.),  p.  52. 

Preliminary  Report  of  the  Solar  Physics  Committee,  on  a  Com- 
parison for  two  years  between  the  Diurnal  Ranges  of 
Magnetic  Declination  as  recorded  at  the  Kew  Observatory, 
and  the  Diurnal  Ranges  of  Atmospheric  Temperature  as 
recorded  at  the  Observatories  of  Stony  hurst,  Kew,  and 
Falmouth.     Boy.  8oc.  Proc,  XXXIII,  1882,  pp.  410-420. 

On  the  Velocity  of  Propagation  between  Oxford  and  Kew  of 
Atmospheric  Disturbances.  (1864.)  Brit,  Met.  Soc.  Proc, 
II,  1865,  p.  51. 

Note  on  the  Secular  Change  of  Magnetic  Dip,  as  recorded  at  the 
Kew  Observatory.  (1866.)  Boy.  Soc.  Proc,  XV,  1867,  pp. 
8,  9.     Phil.  Mag.,  XXXI,  1866,  pp.  235-237. 

A  Comparison  between  some  of  the  Simultaneous  Records  of  the 
Barographs  at  Oxford  and  at  Kew.     Boy.  Soc.  Proc,  XV, 

1867,  pp.  413,  414. 

Description  of  an  Apparatus  for  the  Verification  of  Sextants, 
designed  and  constructed  by  T.  Cooke,  and  recently  erected 
at  the  Kew  Observatory.     (1867.)     Boy.  Soc,  Proc,  XVI, 

1868,  pp.  2-6. 

An  Account  of  Certain  Experiments  on  Aneroid  Barometers 
made  at  Kew  Observatory  at  the  expense  of  the  Meteoro- 
logical Committee.  Boy.  Soc.  Proc,  XVI,  1868,  pp.  472- 
480;  Smithsonian  Beports,  1868,  pp.  350-353;  Phil.  Mag., 
XXXVII,  1869,  pp.  65-74. 

A  Preliminary  Investigation  into  the  Laws  regulating  the  Peaks 
and  Hollows  exhibited  in  the  Kew  Magnetic  Curves  for  the 
first  two  years  of  their  production.     Boy,  Soc,  Proc,  XVII, 

1869,  pp.  462-468. 

Resultd  of  the  Monthly  Observations  of  Dip  and  Horizontal  Force 
made  at  the  Kew  Observatory  from  April  1863  to  March 
1869  inclusive.     Boy.  Soc  Proc,  XVIII,  1870,  pp.  231-242. 

On  the  Variations  of  the  Daily  Range  of  Atmospheric  Tempera- 
ture as  recorded  at  the  Kew  Observatory.     Boy,  Soc,  Proc, 

XXV,  1876,  pp.  156-158 ;  1877,  pp.  577-592. 

On  the  Variations  of  the  Daily  Range  of  the  Magnetic  Declina- 
tion as  recorded  at  the  Kew  Observatory.     Boy,  Soc.  Proc*^ 

XXVI,  1877,  pp.  102'121, 

YOL.  XXXIX.  Q 


82  Ml-.  R.  H.  Scott. 

Note  on  the  Tneqaalities  of  the  Diurnal  Range  of  the  Declination 
Magnet  as  recorded  at  the  Kew  Observatory.      Boy,  8oc, 
Proc,  XXVIII,  1879,  pp.  241,  242. 
Stewart,  B.,  and  Brtto-Capelio,  J, — 

Results  of  a  Comparison  of  Certain  Traces  produced  simultane- 
ously by  the  Self- recording  Magnetographs  at  Kew  and 
at  Lisbon,  especially  of  those  which  record  the  magnetic 
disturbance  of   15th  July,   1863.      Boy.  Sac,  Proc,  XIII, 

1864,  pp.  111-120. 

Description  of  the  Magnetic  Storm  of  the  beginning  of  August 

1865,  as  recorded  by  the  Self-recording  Magnetographs  at 
the  Kew  and  Lisbon  Observatories.  Brit,  Assoc,  Bep., 
XXXV,  1865  (Sect.),  pp.  20,  21. 

Stewart,  B.,  and  Carpenter,  W.  L. — 

Report  to  the  Solar  Physics  Committee  on  a  Comparison  between 
apparent  Inequalities  of  Short  Period  in  Sun-spot  Areas  and 
in  Diurnal  Temperature-ranges  at  Toronto  and  Kew.    B^, 
Sac.  Proc,  XXXVII,  1884,  pp.  290-316. 
Stewart,  B.,  and  Dodgson,  W. — 

Note  on  a  Comparison  of  the  Diurnal  Ranges  of  Magnetic  Decli- 
nation at  Toronto  and  Kew.     Boy.  Soc.  Proc,  XXXII,  1881, 
pp.  406,  407. 
Stewart,  B.,  and  Loewij,  B. — 

An  Account  of  the  Base  Observations  made  at  the  Kew  Observa- 
tory with  the  Pendulums  to  be  used  in  the  Indian  Trigono- 
metrical Survey.  Boy.  Soc  Proc,  XIV,  1865,  pp.  425-439. 
An  Account  of  Experiments  made  at  the  Kew  Observatory  for 
determining  the  true  Vacuum-  and  Temperature-Corrections 
to  Pendulum  Observations.  Boy.  Soc  Proc,  XVII,  1869,  pp. 
488-499. 
Stewart,  B.,  and  Morisahro,  HiraoJca — 

A  Comparison  of  the  Variations  of  the  Diurnal  Range  of  Magnetic 
Declination,  as  recorded  at  the  Observatories  of  Kew  and 
Trevandrum.     Boy.  Soc  Proc,  XXVIII,  1879,  pp.  288-2h0. 
Sietoart,  B.,  and  Boscoe,  H.  E. — 

On  the  Heat  of  Sunshine  at  London  during  the  twenty- four 
years  1855  to  1874,  as  registered  by  Campbell's  method.  Boy. 
Soc  Proc,  XXIII,  1875,  pp.  578-582. 
On  the  Heat  of  the  Sunshine  at  the  Ke  w^  Observatory,  as  registered 
by  Campbell's  method.  Brit.  Assoc  Bep.,  LIII,  1883,  pp. 
414-418. 
Stewart,  B.,  and  Sldg reaves,  W. — 

Results  of  a  Preliminary  Comparison  of  certain  Curves  of  the  Kew 
and  Stonyhurst  Declination  Magnetographs.    Boy,  Soc  Proc, 
XVII,  1869,  pp.  236-288. 
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SioTces,  G.  G.— 

Discassion  of  the  Results  of  some  Experiments   with  Whirled 
Anemometers.     Boy,  Sac,  Proc,,  XXXII,  1881,  pp.  170-188. 
Welsh,  /.— 

On  the  Graduation  of  the  Thermometers  for  the  Arctic  Searching 
Expedition.     Boy.  Sac.  Proc,  VI,  1850-54,  pp.  183-188. 

Description  of  a  Sliding-Rule  for  converting  the  observed  Readinjrs 
of  the  Horizontal  and  Vertical  Force  Magnetometers  into 
Variations  of  Magnetic  Dip  and  Total  Force.  Brit,  Assoc. 
Bep.,  1851  (Part  2),  pp.  20,  21. 

Description  of  a  Sliding-Rule  for  Hjgrometrical  Calculations 
Brit.  A^soc.  Bep.,  1851  (Part  2),  pp.  42,  43. 

Report  of  the  General  Process  adopted  in  Graduating  and  Com- 
paring the  Standard  Meteorological  Instruments  for  the 
Kew  Observatory.     Boy.  Soc.Proc,  VI,  1852,  pp.  178,  179. 

On  the  Graduation  of  Standard  Thermometers  at  the  Kew 
Observatory.     Brit.  Assoc.  Bep.,  1853  (Part  2),  pp.  34-36. 

An  Account  of  Meteorological  Observations  in  four  Balloon  Ascents 
made  under  the  direction  of  the  Kew  Observatory  Committee 
of  the  British  Association.  Phil.  Trans.,  1853,  pp.  311-346  ; 
Annates  de  Chimie,  XLI,  1854,  pp.  503-507. 

Instructions  for  the  Graduation  of  Boiling-point  Thermometers, 
intended  for  the  Measurement  of  Heights.  Brit,  Assoc.  Bep. 
1856  (Part  2),  p.  49. 

Account  of  the   Construction    of  a   Standard   Barometer,   and 
Description  of  the  Apparatus  ajid  Processes  employed  in  the 
Verification  of  Barometers  at  the  Kew  Observatory.     Phil. 
Tians.,  1856,  pp.  507-514. 
Whipple,  G,  M.— 

On  the  Temperature- Correction  and  Induction- Coefficients  of 
Magnets.    Proc.  Boy.  Soc.,  Vol.  XXVI,  1877,  pp.  218-222. 

On  the  Determination  of  the  Scale  Value  of  a  Thomson's 
Quadrant  Electrometer  used  for  Registering  the  Variations 
in  Atmospheric  Electricity  at  the  Kew  Observatory.  Proc. 
Boy.  Soc,  Vol.  XXVII,  1878,  pp.  35^-361. 

On  the  Comparison  of  the  Standard  Barometers  of  the  Royal 
Observatory,  Greenwich,  and  the  Kew  Observatory.  Proc. 
Boy.  Soc,  Vol.  XXVII,  1878,  pp.  76-81. 

Results  of  an  Inquiiy  into  the  Periodicity  of  Rainfall.  Proc 
Boy.  Soc,  Vol.  XXX,  1880,  pp.  70-84. 

On  the  Results  of  Comparisons  of  Goldschmid's  Aneroids. 
Quart.  Jo7im.  Met.  Soc,  Vol.  V,  1879,  pp.  189-191. 

On  the  Relative  Duration  of  Sunshine  at  the  Royal  Observatory, 
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**  On  the  Microscopic  Characters  of  some  Specimens  of  Devitri- 
fied Glass,  with  Notes  on  certain  analogous  Structures  in 
Rocks."  By  Douglas  Herman  and  Frank  Rutley.  Com- 
municated by  Professor  T.  G.  BoNNEr,  D.Sc,  F.R.S. 
Received  May  28,  1885.    Read  June  18. 

(Plates  1—4.) 

Devitrification  is  a  process  which  may  either  take  place  naturally 
or  be  brought  about  by  artificial  means.  Instances  of  the  former  are 
familiar  to  as  in  once  glassy  rocks  which  have  passed  into  a  falsi  tic 
or  micro- crystal  line-granular  condition.  The  change  which  has  taken 
place  in  the  conversion  of  obsidian  into  felstone  is  so  great  that  it 
would  not  be  possible  to  infer  the  original  nature  of  the  rock,  were  it 
not  that  certain  structural  peculiarities,  often  of  a  very  delicate  cha- 
racter, are  retained.  It  is,  indeed,  a  most  remarkable  feature  in  such 
rocks  that  a  physical  change  so  complete  should  fail  to  obliterate  the 
perlitic  structure  and  the  fine  streaky  markings  or  fluxion- bands 
which  are  common  in  the  vitreous  lavas  of  every  age.  The  microscopic 
recognition  of  such  structures  has  of  late  years  added  considerably  to 
our  knowledge  of  the  rhyolitic  rocks  and  tuffs  of  Archcean  and 
Palaeozoic  times,  many  of  which  were  undoubtedly  hyaline  rhyolites. 
Through  devitrification  their  original  character  has  been  obscured, 
and  in  many  instances  can  only  be  revealed  by  the  use  of  the 
microscope.  Although  much  has  been  written  upon  this  subject, 
including  Vogelsang's  admirable  work,*  we  are  still  in  compara- 
tive ignorance  of  the  conditions  under  which  such  devitrification 
has  taken  place.  The  experiments  of  Daubr6o,t  made  upon  glass 
tubes  at  a  high  temperature  and  pressure,  in  presence  of  water, 
resulted  in  the  development  of  a  schistose  or  foliated  structure, 
corresponding  with  the  cylindrical  form  of  the  tubes  acted  upon: 
the  development  in  some  cases  of  reticulating  cracks,  due  to  contrac- 
tion, the  transformation  of  the  glass  into  a  friable  substance  with  a 
structure  both  fibrous  and  concentric,  and  also  into  a  hard  material 
with  similar  structure.  Professor  Daubree  has  likewise  in  these 
experiments  produced  radiating  crystalline  or  spherulitic  bodies, 
microliths,  and  actual  crystals  of  pyroxene  and  quartz.  The  glass 
upon  which  he  operated  contained,  in  its  unaltered  condition — 


•  "  Die  KTystalliten."    Bonn,  1876. 
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SiOa  68-4 

CaO  12  0 

MgO  0-5 

NagO  147 

AljOj  4-9 


while  after  experiment  it  contained 


100-5 


SiOj  64-5 

CaO  21-9 

MgO  1-2 

NagO  ...  6-3 

AlA  1-4 

HjO  4-2 


99-6 


The  observations  recorded  in  the  present  paper  refer  to  structures 
developed  in  specimens  of  glass  which,  for  the  most  part,  were  pre- 
pared, and  all  devitrified,  at  the  Glass  Works  of  Messrs.  Pilkington 
Bros.,  St.  Helens,  and  it  is  possible  that  they  may  have  a  special 
interest  for  those  who  are  studying  the  natural  devitrification  of 
obsidians  or  other  glassy  or  glass-bearing  rocks,  since  in  the  cases  here 
recorded  the  precise  conditions  of  devitrification  are  known,  while  in 
the  natural  process  we  do  not  know  the  precise  conditions.  We  may, 
however,  assume  with  considerable  safety,  that  within  certain  limits 
there  will  be  a  more  or  less  close  analogy  between  the  results  of  the 
natural  and  artificial  devitrification,  allowing  of  course  a  margin  for 
certain  natural  conditions  which  it  would  be  diflBcult  if  not  impossible 
to  reproduce  experimentally.  Thinking  that  some  definite  laws  might 
be  arrived  at  by  devitrifying  solids  of  various  forms,  we  have  operated 
upon  cubes,  hexagonal  prisms,  trigonal  prisms,  spheres,  cylinders, 
flat  plates,  and  other  distinct  forms,  and  these  we  shall  first  describe. 
The  difficulties  attendant  upon  the  microscopic  examination  of  such 
materials  consist  principally  in  their  excessive  opacity  in  some 
cases,  and  in  others  upon  the  readiness  with  which  the  substances 
disintegrate  dunng  the  process  of  grinding.  The  latter  difficulty 
has  in  many  instances  been  successfully  overcome  by  Mr.  Cuttell, 
by  whom  most  of  the  sections  have  been  carefully  and  admirably 
cut,  so  that  the  boundaries  of  the  solids  are  preserved  without 
injury. 

Specimen  No.  115  originally  formed  part  of  a  1-inch- thick  piece  of 
plate-glass,  which  was  accidentally  coloured  green,  during  fusion,  by 
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a  small  qnantity  of  fermginous  material.  The  plate,  measuring  about 
6  feet  by  3  feet  8  inches,  was  devitrified  in  the  following  manner.  A 
layer  of  sea  sand,  previonsly  washed,  sifted,  and  dried,  was  spread  to 
a  depth  of  2|  inches  on  the  floor  of  a  kiln  used  for  annealiug  glass- 
house pots.  On  this  sand  the  plate  was  carefully  bedded  and  covered 
with  more  sand  to  a  depth  of  6  inches,  the  whole  being  kept  together 
by  a  low  brick  wall.  The  object  of  bedding  in  sand  was  to  prevent 
the  bending  and  {qsion  of  the  plate  when  the  kiln  attained  its  highest 
temperature.  The  kiln  was  then  lighted,  and  the  heat  slowly  raised. 
In  six  days  it  had  attained  a  dull  red,  and  in  six  days  more  was  at  its 
full  heat,  a  very  bright  red,  sufficient  to  soften,  but  not  enough  to 
melt,  the  glass  through  its  covering  of  sand.  This  temperature  was 
maintained  for  twelve  days,  when  the  kiln  was  let  out,  and  quickly 
cooled  by  opening  the  door.  The  mass  of  sand,  however,  retained  its 
heat  for  a  considerable  time  after  it  was  possible  to  enter  the  kiln, 
for,  on  removing  the  dwarf  retaining  wall  four  days  after  the  door 
was  opened,  the  plate  broke  in  consequence  of  cold  air  coming  in 
contact  with  one  of  the  edges,  whilst  the  other  parts  were  at  a  com- . 
paratively  high  temperature.  The  glass  was  thus  in  the  kiln  altogether 
for  twenty-eight  days,  during  six  of  which  it  was  gradually  heated  to 
dull  redness,  during  six  more  the  temperature  was  increased  to  bright 
red,  maintained  at  this  for  twelve  days,  and  cooled  during  lour.  It 
was  found  to  be  thoroughly  devitrified,  and  large  pieces  were  ground 
with  sand  and  water  to  a  tine  smooth  surface  on  both  sides,  by  which 
the  thickness  was  reduced  to  seven-eighths  of  an  inch.  The  portion 
selected  for  microscopical  examination  was  broken  off  a  corner  of  one 
of  the  large  pieces.  It  is  opaque,  dull,  and  porcellanous  externally 
on  the  ground  surfaces,  in  places  which  have  not  been  ground  the 
surface  is  rougher,  and  has  a  glazed  appearance.  The  pai*allel  faces 
are  of  a  pale  green  colour  with  a  reticulation  of  whit'C  lines,  enclosing 
areas  which  range  from  about  -^^  to  ^  inch  in  diameter,  mostly  poly- 
gonal in  form.  The  specimen  was  of  irregular  triangular  shape,  and 
the  sides  and  edges  formed  by  cracks,  probably  produced  at  an  early 
period  of  the  heating  process,  are  of  a  uniform  greenish-white  or  pale 
greenish-grey  tint.  The  hardness  appeal's  to  be  slightly  greater  than 
that  of  the  same  glass  before  devitrification,  upon  which  it  produces 
feeble  scratches.  A  cross  fracture,  revealing  the  devitrified  interior, 
shows  very  delicate,  slightly  undulating  bands,  which  agree  in  direc- 
tion with  the  parallel  faces  of  the  plate,  and  the  altei'nate  bands,  when 
-viewed  in  this  direction,  exhibit  a  silky  lustre  like  that  of  chrysotile, 
satin-spar,  and  other  fibrous  substances,  only  rather  feebly.  At 
the  marginal  extremities  of  this  fractured  surface  similar  bands 
are  seen  running  in  a  direction  at  right  angles  to  the  others, 
and  these  transverse  bands  occupy  two  triangular  areas,  as  shown 
in  fig.  1. 
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In  order  to  ascertain  moro  precise!;  the  nfttnra  of  this  stmctnre, 
three  sections  were  cat : — 

A,  at  right  angles  to  the  parallel  btces  of  the  plate. 

B,  parallel  to  one  of  the  parallel  faces  of  the  plate,  and  inolnding 

between  the  planes  of  section  little  mora  than  the  greenish 
superficial  layer  with  the  white  reticniatious.* 
G,  parallel  to  one  of  the  abort  sides,  passing  through  one  of  the  tri- 
angnlar  areas  near  one  of  the   angles,  bo  that  the  section 
includes  both  sets  of  bands,  cutting  one  set  tronsversel;  and 
lying  parallel  to  the  other.     These  sections  exbibit  the  general 
structnre  admirably  whi.'n  held  obliquely  in  different  directions 
between  the  eye  and  the  light. 
The  following  is  a  description  of  their  mi<rrosoopic  characters  : — 
Specimen  No.  11.5,  Section  A.      Wlien  viewed  by  ordinary  trans- 
mitted light  nnder  a  low  power,  the  bsndiTig  ah-eady  described  is 
indicated  by  transparent  oe  very  tranKluceiit  belts,  altemaCing  with 
bands  of  vei^-  feeble  translacency.     Both  kinds  of  belts  are  traversed 
by  fine  lines,  indicating  a  fibrous  cryHlalline  stracture,  which  com- 
monly shows  a  radiate  aiTangcmeot,  the  divergent  groups  of  fibres 
emanating  from  centi-es  situated  on  or  about  the  margin  or  edges  of 
the  section. t     Each  radiating  group  has  what  may  be  termed  its  own 
allotment,  bounded  by  well-di?fined  straight  lines.     The  boundary  of 
one  side  of  an  allotment  sometimes  conniKtH  of  a  single  straight  line, 
at  others  of  two  or  more  straight  lines,  meeting  in  very  obtuse  angles. 
The  boundary  lines  are  not  curved.      When  the  section  is  rotated 
between  crossed  Nicols,  these  allotments  form  a  well-marked  and  im- 
portant feature.     The  divisional  lines  in  this  Hcction  may  bo  separated 
into  two  groups.      The  first  giiiup   cuneistx    of   fire   lines,   viz.,   a 
median  line,  running  parallel  to  the  two  {.larallel  faces  of  the  plate- 
glass,  and  four  lines  which  form  a  bifurcntion  at  either  end  of  this 
median  line,  and  enclose  the  terminal  triangular  ai-eas.     The  second 
group  of  lines  consists  of  those  boundaries  of  the  crystalline  allot- 

*  TliiFi  laror  U  not  Iho  ori^al  ■urtoce,  -ff  of  an  inch  liBving  ainc«  b«cn  ground  off. 

*  U  muat,  howcTcr,  be  nolcil  Ihat  tha  nmrKin  of  the  aectioii  liea  about  -fg  of  an 
ac/i  from  the  original  larlace,  tlic  -^  of  bu  inch  liar  ug  been  rcmoTed  bj  gnnding. 
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mentB  whicli  mn  approximately  at  right  angles  to  the  snrfaces  which 
constitute  the  bonndaries  of  the  devitrified  specimen.  In  polarised 
light  the  general  aspect  of  the  section  is  peculiar,  and  strikingly 
resembles  a  pat<shwork  rug  made  of  the  skins  of  tabbj  cats.  Farther 
on  we  shall  endeavour  to  account  for  this  brindled  appearance,  which 
is  represented  in  fig.  1,  Plate  I,  as  seen  between  crossed  Nicols.  The 
vertical  edge  of  the  section  seen  on  the  right  of  the  field  is  the  trace 
of  one  of  the  parallel  faces  of  the  devitrified  plate-glass.  The 
N.W.  portion  represents  part  of  one  of  the  terminal  triangular 
areas,  while  the  remainder  shows  some  of  the  other  crystalline  allot- 
ments. 

Specimen  No.  115,  Section  B.  This  is  a  particularly  interesting 
section.  It  is  in  fact  one  of  the  green  surfaces  of  the  devitrified 
plate-glass,  i.e^  present  surface,  -^^  inch  of  glass  having  been  ground 
away,  and  we  can  easily  trace  in  it  the  polygonal  structure  already 
alluded  to.  Between  crossed  Nicols  the  polygonal  areas  are  sharply 
defined  and  are  irregularly  clouded  with  crystalline  aggregates,  which 
appear  dark.  On  rotating  the  section  through  90°  these  dark 
aggregates  become  light,  while  the  previously  light  portions  become 
dark ;  we  are,  in  fact,  looking  on  the  ends  of  bundles  of  crystalline 
rods.  These  polygonal  areas  are  the  cross  sections  of  fasiculi  of 
divergent  crystals,  and  the  boundaries  of  tliese  polygons  are  shrink- 
age cracks,  giving  rise  to  a  columnar  structure,  while  the  columns, 
like  those  of  basaltic  lavas,  have  their  longest  axes  normal  to  the 
cooling  surface.  Fig.  2,  Plato  1,  shows  the  general  appearance  of  this 
section,  magnified  eighteen  linear,  between  crossed  Nicols.  As  it  seemed 
possible  that  greater  amplification  might  afford  more  information 
concerning  the  nature  of  the  little  crystals  which  constitute  these 
bundles,  a  ^-inch  objective  was  used,  with  the  result  shown  in  fig.  3, 
Plate  1.  Only  dark  hazily-defined  spots  could  be  discerned  between 
crossed  Nicols,  which  became  light  on  revolution  of  the  section,  while 
previously  light  portions  became  dark.  The  section  has,  in  fact,  the 
appearance  of  what  is  known  as  crypto-crystalline  structure,  and 
resembles,  to  a  certain  extent,  some  of  the  felstones,  which,  from  other 
evidence,  are  known  to  have  been  once  vitreous  lavas.  An  examina- 
tion of  this  section  proves  then  that  the  polygons  are  the  cross 
sections  of  the  crystalline  allotments  of  Section  A,  and  that  those 
allotments  are  longitudinal  sections  of  polygonal,  often  .pentagonal, 
prisms.  Whether  or  not  the  polygonal  jointing  is  connected  with  the 
crystalline  developments,  which  it  sheaths  and  separates,  is  a  matter 
open  to  discussion.  The  Section  B,  when  held  between  the  eye  and 
candle  flame,  presents  the  illusive  appearance  of  being  studded  with 
concavities  or  convexities,  from  which  it,  we  think,  may  be  inferred 
that  the  radiate  arrangement  of  the  crystalline  fasiculi  originates  at 
or  about  the  centre  of  each  polygonal  area  on  tbe  or\g\iidX  ^xxxl^i^^  o\ 
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the  thick  plate-glass.*  If  so  it  is  possible  that  the  strain  consequent 
on  ciystallisation  may  have'  produced  the  prismatic  fission.  Fig.  1, 
Plate  3,  might  then  be  taken  to  represent  portion  of  the  surface  of 
the  slab  at  the  commencement  of  devitrification,  the  dots  indicating 
primary  centres  of  crystallisation,  while  fig.  2  on  the  same  plate 
would  represent  the  development  of  prismatic  structure  by  the  forma- 
tion of  cracks  between  and  around  these  centres  of  crystallisation. 
Fig.  3,  Plate  3,  shows  one  side  (the  lower  one)  of  the  block,  fig.  2  the 
arrow  denoting  the  direction  in  which  the  crystallisation  advances. 
Apart  from  any  hypothesis  concerning  the  possible  relation  of  the 
prismatic  structure  to  the  crystallisation,  which  may  or  may  not  be 
true,  since  it  is  possible  that  the  prismatic  structure  was  developed 
first,  it  is  evident  from  the  inspection  of  such  a  diagram  that  we  may 
have  a  section  giving  prisms  of  very  different  widths,  the  width  in 
section  not  necessarily  representing  the  actual  width  of  the  prism, 
while  in  such  a  case  the  centre  and  general  axis  of  the  crystalline 
bundle  may  appear  to  be  thrown  on  one  side  of  the  prism. 

Specimen  115,  Section  C.  This  section  truncates  one  of  the  ter- 
minal triangular  wedges,  of  which  mention  has  already  been  made,  so 
that  here  we  know  for  a  certainty  that  we  are  looking  on  the  cross 
section  of  the  crystalline  fasciculi  belonging  to  the  triangular  area, 
and  here  we  meet  with  precisely  the  same  phenomena  as  those 
described  and  figured  for  Section  B.  On  either  hand  the  adjacent 
crystalline  bundles  emanating  from  the  upper  and  under  surfaces  of 
the  thick  plate  are  seen  lying  in  the  plane  of  section,  i.e.,  we  are 
looking  at  longitudinal  sections  of  those  bundles.  In  these  wc 
again  see  the  cat-like  brindlings.  On  the  broken  and  partly  ground 
away  edges  of  this  part  of  the  section,  a  power  over  500  linear  shows 
that  the  crystalline  bundles  are  made  up  of  small  fibres  or  microliths, 
closely  packed  side  by  side.  The  section  is  in  all  parts  traversed  by 
long,  fusiform,  or  acicular  brownish  microliths,  which  lie  with  their 
longest  axes  in  various  directions,  but  usually  across  the  general 
directions  of  crystallisation. 

The  brindled  appearance  in  the  crystalline  bundles  of  these  sections 
suggests  at  first  sight  the  idea  of  pauses  in  the  crystallisation,  but 
when  we  find  that  by  ordinary  illumination  the  light  is  very  faintly 
transmitted  along  these  lines,  some  further  explanation  seems  need- 
ful, and  it  seems  probable  that  in  these  diverging  crystallisations  there 
is  a  kind  of  cone-in-cone  or  divergent  composite  structure,  such  as  in 
that  met  with  in  the  kidney-ore  variety  of  hematite,  or  in  clay -iron- 
stone, the  apices  of  the  cones  giving  rise  to  a  turbidity  and  being 
ranged  so  as  to  form  successive  arcs  of  approximately  concentric 
circles,  as  indicated  in  fig.  6,  Plate  3.     From  the  evidence  afibrded  by 

*  The  surface  of  this  specimen  is  -fg  of  an  inch  from  the  original  surface,  which 
Iiag  been  removed  by  gimCiuig. 
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the  sectionB  now  described,  it  seems  certain  that  devitrification  has  in 
this  instance  commenced  at  the  surface/  and  has  proceeded  inwards 
in  directions  at  right  angles  to  the  different  surfaces.  Owing  to  its 
uniform  rate  of  progression,  the  different  sets  of  crystalline  fasciculi 
have  met  along  lines  which  divide  the  devitrified  mass  in  a  remark- 
ably symmetrical  manner,  as  shown  in  ^^,  5,  Plate  3,  which  represents 
one  comer  of  the.  slab.  That  unequal  rate  of  progression  would  cause 
a  deviation  from  this  symmetry  is  shown  diagrammatically  in  fig.  4, 
Plate  3,  and  actually  in  the  deflection  of  the  diagonal  line  in  fig.  1, 
Plate  1,  Section  A.* 

Specimen  G  is  a  plate  of  flashed  glass,  about  2^  mm.  in  thickness, 
which  has  been  completely  devitrified  under  conditions  similar  to 
those  described  for  Specimen  115,  that  is  to  say,  it  was  imbedded  in 
silver  sand  (previously  washed  and  dried),  placed  in  a  kiln,  and  the 
temperature  gradually  increased  daring  a  period  of  eleven  days  up 
to  a  bright  red.  This  heat  was  maintained  pretty  steadily  for  eleven 
days  more,  after  which  the  kiln  was  quickly  cooled,  and  the  glass 
withdrawn.  The  flashed  surface  is  of  a  deep  blue  colour,  and  is 
incrusted  with  grains  of  sand.  The  opposite  face  is  mottled  with 
small  dall  green  and  greenish-white  spots,  and  has  a  surface  like 
coarse  glazed  pottery.  Flashed  glass  was  chosen  in  this  case,  as  it 
was  thought  possible  that  some  of  the  pigment  might  be  carried 
inwards  by  the  crystallisation.  This,  however,  does  not  seem  to  have 
taken  place  to  any  great  extent,  for  on  examining  a  thin  section  taken  at 
right  angles  to  the  broad  surface  of  the  plate  under  a  power  of  250  linear, 
the  blue  layer  is  seen  to  have  remained  on  the  surface,  although 
its  boundary  is  ill  defined,  and  the  bluish  tint  extends  for  only  a  very 
little  distance  inwards,  gradually  fading  away.  On  the  outer  surface 
of  the  coloured  layer  there  has,  however,  been  a  considerable  dis- 
turbance of  the  blue  glass,  which  appears  to  have  been  fused,  and  to 
have  run  between  the  sand  grains  against  which  it  was  bedded, 
/f,  Plate  2,  fig.  2,  forming  a  cement  of  blue  crystalline  sheaves.  The 
crystalline  structure  of  the  blue  layer  is  throughout  very  irregular, 
consisting  of  similar  sheaf-like  aggregates  and  interlacing  crystals. 
Passing  from  this  layer  we  find  the  contiguous  glass  converted  into 
radiating  crystalline  groups,  separated  by  sharply  defined  joint  planes, 

•  Supplementary  Note. — Specimen  115.  Thermal  conductivity  appears  to  be 
uniform  on  the  largo  parallel  faces  of  the  plate,  both  at  the  margin  and  at  a  distance 
from  the  margin.  The  isothermal  curves  are  also  circles  on  the  sides  of  the  plate  at 
right  angles  to  the  large  faces.  On  a  transverse  section  of  the  plate  which  traverses 
the  crystalline  fasciculi  in  directions  both  longitudinal  and  transverse,  as  in  Section  C, 
the  wax  also  melts  in  circles  both  on  the  area  of  the  longitudinal  and  on  that  of  the 
transverse  sections.  This  accords  with  the  statement  of  M.  Ed.  Jannottaz  ("  Propa- 
gation de  la  Chaleur,"  "  Bull.  Soc.  GMol.  de  France,"  3«  Serie,  t.  ix,  p.  200)  that 
minerals  having  a  fibrous  or  lamellar  character  do  not  conduct  heat  better  in  the 
direction  of  the  fibres  or  of  the  lamelke  than  if  they  had  no  &\ic\\  alTuc\.\xt«. 
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ij,  Plate  2,  fig.  2,  which  traverse  the  plate  normal  to  the  large  parallel 
surfaces.  These  joints  are  evidently  the  boundaries  of  polygonal 
prisms,  and  it  is  the  ends  of  these  prisms  which  cause  the  green  and 
white  spotted  appearance  on  one  surface  of  the  specimen,  while  the 
reason  that  no  such  marking  is  visible  on  the  other  surface  is  partly 
due  to  the  screen  of  sand  grains  which  covers  it,  while  beneath  there 
would  be  no  such  markings  until  we  reached  the  layer  of  originally 
white  glass,  because  the  joints  do  not  appear  to  traverse  the  irregu- 
larly crystalline  blue  layer.  Divergent  crystallisations,  also  bounded 
by  prismatic  joints,  start  from  the  green  spotted  surface  of  the  plate, 
and  the  two  sets  of  divergent  crystallisations  meet  in  an  undulating 
line,  IL,  Plate  2,  fig.  2,  which  approximately  divides  the  plate  into 
two  plates  of  about  equal  thickness.  The  joint  planes  on  the  opposite 
sides  of  this  line  do  not  coincide,  and  the  halves  of  the  plate  if  sepa- 
rated along  the  surface,  of  which  this  undulating  line  is  the  trace, 
would  doubtless  present  a  mammillated  appearance.  The  general 
structure  reminds  one  of  that  of  part  of  a  much  flattened  chalcedonic 
geode.  It  will  be  seen  that  in  this  specimen  the  devitrification  has 
taken  place  on  precisely  the  same  principle  as  in  the  thick  plate  pre- 
viously described.  There  has  been  a  prismatic  structure  developed 
normal  to  the  bounding  surfaces,  divergent  cr}\stallisation  occurs 
within  the  prisms,  and  these  crystalline  fasciculi  advanced  in  opposite 
directions  until  they  arrested  one  another,  but  the  line  of  arrest  in 
this  case  is  sinuous,  while  in  the  preceding  specimen  the  lines  of 
arrest  are  stmight.  On  examining  the  section  under  a  power  of 
50  diameters,  fine  linos,  like  small  scratches,  are  seen  to  cut  across 
the  divergent  crystallisation.  Under  much  higher  powers  they  appear 
as  rod-like  microliths,  and  they  lie  with  their  longest  axes  in  all 
directions,  but  mostly  transverse  to  the  divergent  fibres. 

Specimen  I  is  part  of  a  completely  devitrified  square  prism  of  plate- 
glass.  The  devitrification  of  this  specimen  was  brought  about  by  two 
separate  operations.  The  whole  of  the  prism,  about  4  inches  in 
length,  was  bedded  in  silver  sand  and  heated  during  four  days  to  a 
temperature  gradually  increasing  from  that  of  the  atmosphere  up  to  a 
red  heat,  maintained  at  that  for  two  days  more,  and  then  quickly 
cooled.  When  cold  it  was  broken  in  two  and  found  to  be  regularly 
devitrified  to  a  depth  of  about  1^  mm.,  the  interior  being  unaltered. 
One  of  the  halves  was  then  burnt  again,  this  time  for  the  same  period 
and  under  exactly  the  same  conditions  as  Specimen  G,  i.e.,  bedded  in 
sand,  brought  gi'adually  to  a  bright  red,  maintained  steadily  at  that 
beat  for  eleven  days,  and  then  quickly  cooled.  The  faces  are  of  a  pale 
greenish-yellow,  have  a  glazed  appearance  like  that  of  pottery,  and 
are  traversed  by  a  network  of  very  fine  ci-acks.  When  the  specimen 
is  held  before  a  strong  light  these  surfaces  present  a  spotted  appear- 
ance,  similar  to  that  seen  on  the  plane  surface  of  other  devitrified 
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Holids.  Under  the  microscope  it  is  seen  that  the  crystal lisation  has 
advanced  as  nsaal  from  the  surfaces  inwards.  After  passing  through 
a  distance  of  about  1^  mm.  from  the  surface  there  has  been  a  pause, 
marked  by  a  fairly  well-defined  line,  indicating  the  extent  of  the 
devitrification  produced  by  the  first  heating  to  a  red  heat.  This  line 
is  not  straight,  but  has  a  series  of  slight  convexities  directed  inwards, 
each  convexity  being  bounded  by  joint  planes  normal  to  the  surface. 
The  prism  therefore  had  first  of  all  a  devitrified  envelope,  the  inner 
surface  of  which  was  mammillated,  and  each  mammillation  was  the 
termination  of  a  small  prism.  As  the  crystallisation  advanced  fi*ora 
the  inner  surface  of  this  envelope,  a  fresh  series  of  less  numerous 
joints  was  developed,  giving  rise  to  a  coarser  prismatic  structure,  and 
between  these  joints  we  see  in  section  a  beautiful  divergent  crystal- 
lisation, each  divergent  group  originating  on  the  inner  surface  of 
the  first  crystalline  envelope,  a  single  prism  sometimes  containing  only 
one  Buch  group,  at  others  several.  The  general  direction  of  these 
prisms  is  normal  to  the  surfaces  of  the  devitrified  specimen,  and  the 
lines  of  arrest  would  join  the  opposite  angles  of  the  square  section, 
were  it  not  that  in  this  particular  slice  an  irregular  pentagonal  area 
occnrs,  against  four  of  whose  angles  the  lines  of  arrest  abut.  This 
irregnhir  pentagon  is  a  transverse  section  of  another  set  of  divergent 
crystallisations,  whose  longest  axes  would  diverge  from  the  axis  of 
vision,  and  they  evidently  emanated  from  one  of  the  basal  planes  of 
the  large  devitrified  square  prism,  or  from  a  transverse  fracture  as  the 
prism  was  broken  across  after  the  first  heating.  Had  the  specimen 
been  a  cube,  a  section  taken  parallel  to  two  of  its  faces  and  passing 
accurately  through  the  centre  of  the  cube,  would  merely  have  shown 
two  continuous  lines  of  arrest  joining  opposite  angles  and  intersecting 
in  the  centre  of  the  square  section,  assuming,  of  course,  that  the 
crystallisation  advanced  equally  from  all  six  faces.  Such  a  structure 
would  divide  the  cube  into  six  equal  four-sided  pyramids,  as  indicated 
in  the  diagram,  Plate  3,  fig.  7.  In  the  specimen  before  us  the  crystal - 
li.sation  has  advanced  rather  irregularly,  and  the  lines  of  arrest  are 
consequently  not  continuous  straight  lines,  but  continuous  series  of 
straight  lines,  a  repetition,  in  fact,  of  the  conditions  indicated  in  the 
diagram,  fig.  4,  Plate  3. 

Specimen  H  is  portion  of  a  similar  square  prism  of  plate-glass, 
heat-ed  gradually  for  six  days  to  a  red  heat  under  exactly  the  same 
conditions  as  the  first  operation  on  Specimen  I.  It  differs  from  the 
preceding  specimen  in  having  been  devitrified  for  only  a  slight 
distance  from  the  surface.  A  section  of  the  crust  through  one  of  the 
angles  presents  an  appearance  precisely  similar  in  character  to  that  of 
the  crost  of  Section  E,  (a  six-sided  prism),  figured  on  Plate  2.  These 
are  groups  of  divergent  crystals  which  pass  from  the  surface  inwarda^ 
and  ar©  separated  by  prismatic  jointing.     The  inuex  Bwxtaee^  ol  e».0(i 
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CTjBtalline  group  is  convex,  the  convoxity  being  directed  towards  the 
interior  of  the  solid.  When  magnified  between  500  and  600  diameters 
these  convex  surfaces  are  seen  to  be  fringed  by  the  projecting  termi- 
nations of  the  divergent  crystalline  fibres. 

Specimen  K.  This  is  part  of  a  completely  devitrified  trigonal 
prism  of  plate-glass,  devitrified  by  two  operations,  under  precisely  the 
same  conditions  as  Specimen  I,  and  the  section  has  been  taken  parallel 
to  the  basal  plane.  The  general  principle  of  devitrification  elucidated 
by  the  examination  of  the  preceding  specimens  may  also  be  clearly 
recognised  in  this  case,  but  the  crystallisation,  after  the  first  envelope 
was  formed,  advanced  in  a  somewhat  irregular  manner,  which  needs 
interpretation.  The  irregularity  in  the  crystallisation  of  this  specimen 
may  be  attributed  to  the  fact  that  there  is  a  flaw  in  it.  The  general 
structure  is  shown  in  Plate  3,  fig.  8.  Here  we  notice  first  of  all  the 
envelope  or  devitrified  crust,  due  to  the  first  heating  operation,  in 
which  there  is  prismatic  structure  and  a  series  of  divergent  crystal- 
lisations trending  inwards.  Next  comes  a  similar  but  coarser  series 
of  prisms  also  normal,  or  approximately  normal,  to  the  sides  of  the 
trigonal  prism,  and  in  these  the  divergent  crystallisation  has  also 
travelled  from  without  inwards.  So  far  there  is  no  deviation  from 
the  general  principles  of  devitrification  which  we  met  with  in  the  pre- 
ceding specimens,  in  fact  the  crystallisation  has  proceeded  inwards  as 
usual,  in  directions  approximately  normal  to  the  limiting  planes  of 
the  devitrified  solid.  We  now  meet,  however,  with  an  apparent 
exception  to  the  general  rule,  for  the  three  sets  of  crystalline  fasciculi, 
instead  of  continuing  their  course  until  they  arrest  one  another  in 
three  straight  lines  joining  the  angles  and  the  centre  of  the  triangular 
section,  are  suddenly  arrested  and  enclose  an  area  rudely  shaped  like 
a  three-rayed  star,  this  being  subdivided  into  three  irregular  portions. 
The  deltoid al  areas  are  traversed  by  cracks,  and  from  points  along 
these  lines  we  have  groups  of  crystals  diverging  on  both  sides  of  the 
lines.     They  have  consequently  travelled  from  within  outwards. 

The  different  areas  of  devitrification  are  by  no  means  symmetrically 
disposed.  Diagram,  fig.  8,  Plate  3,  shows,  with  approximate  troth, 
how  the  parts  of  the  actual  section  really  occur.  It  will  be  seen  on 
reference  to  this  figure,  that  at  the  point  a  there  is  a  'crack  which 
extends  in  a  curve  towards  6.  From  a  point  on  the  curved  line  a6, 
about  opposite  to  the  middle  of  the  edge  in  which  the  crack  a  occurs, 
another  nearly  straight  crack  passes  to  c,  and  from  the  inner  surface 
of  the  devitrified  crust  a  third  crack  extends  in  a  curve  from  the  little 
fissure  a  to  the  point  d.  The  crystallisations  diverge  on  both  sides  of 
these  three  cracks.  They  are  bounded  by  prismatic  joints,  which  are 
continuous  across  the  cracks,  and  each  pair  of  crystalline  fasciculi 
diverges  from  a  common  centre  situate  on  the  crack  and  between  a 
pair  of  prismatic  joints.     These  three  distinct  areas  of  crystallisation 
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are  yery  irregnlar  in  form,  and  this  has  already  been  attributed  to 
the  presence  of  the  flaws  emanating  directly  and  indirectly  from  the 
fissore.  There  appeared  to  be  no  reason  why  in  such  a  solid  the 
devitrification  should  not  proceed  steadily  inwards  until  the  three  sets 
of  prisms  arrested  one  another  along  three  lines  passing  from  the 
three  angles  of  the  triangpilar  section,  and  meeting  in  its  centre. 

With  a  view  to  settling  this  point  another  trigonal  prism  (Specimen 
No.  143),  free  from  any  flaws,  was  devitrified.  A  transverse  fracture 
through  this  devitrified  prism  shows  three  distinct  and  similar  areas 
of  crystallisation ;  each  is  an  isosceles  triangle.  These  triangular  areas 
are  bounded  by  the  three  sides  of  the  prism  and  by  three  straight  lines 
of  arrest,  which  Ibccnrately  join  the  centre  or  axis  of  the  prism  with 
its  three  angles  or  edges,  fig.  9,  Plate  8.  This  demonstrates  conclu- 
sively that  the  irregular  devitrification  seen  in  Section  K  is  due  to 
simxdtaneous  crystallisation  along  flaws. 

Specimen  D  heated  twice  under  same  conditions  as  Specimens  I  and 
K,  is  part  of  a  completely  devitrified  six-sided  prism  of  plate-glass. 
The  surface  has  a  glaze  like  that  of  pottery.  The  transverse  section 
of  the  prism  is  not  a  perfect  hexagon,  and  it  has  not  been  cut  quite 
at  right  angles  to  the  principal  axis.  There  is  a  well-marked  crust  of 
divergent  crystalline  fasciculi  due  to  the  first  short  heating,  prismatic 
joints  being  also  present,  but  they  are  not  well  defined.  Devitrifica- 
tion has  then  proceeded  inwards  in  directions  approximately  normal 
to  the  lateral  faces  of  the  prism  in  broad  divergent  crystalline  groups, 
separated  by  joint  planes,  which  preserve  at  the  best  a  very  imperfect 
parallelism.  In  fact  the  prismatic  structure  which  they  indicate  seems 
very  irregular,  and  in  the  section  a  prism  is  often  represented  by  a 
lanceolate  or  an  irregularly  shaped  area,  while  the  divergent  crystal- 
lisations do  not  all  seem  to  be  formed  in  directions  parallel  to  the 
plane  of  section.  These  crystallisations  show  brindled  markings, 
similar  to  those  seen  in  Specimen  No.  115.  There  is  strong  chromatic 
depolarisation  in  this,  as  also  in  the  preceding  Sections  I  and  K. 

Specimen  E  is  part  of  a  six-sided  prism  of  plate-glass,  2  cm.  in 
diameter,  which  has  been  devitrified  to  a  depth  of  barely  1^  mm. 
under  precisely  the  same  conditions  as  Specimen  H.  The  devitrified 
crust  is  yellowish-white,  and  has  a  glazed  surface  like  that  of  pottery. 
Two  sections  have  been  cut  from  this  specimen,  E  being  taken 
transversely  to  the  principal  axis,  and  Ea  parallel  to  it  and  to  one  of 
the  faces  of  the  prism.  The  latter  section  consists,  in  fact,  only  of 
the  devitrified  crust  of  one  of  the  faces  of  the  prism. 

Section  E,  taken  transversely  to  the  principal  axis  of  the  six-sided 
prism,  shows  a  devitrified  crust,  which  by  reflected  light  looks  white, 
while  by  transmitted  light  it  appears  under  the  microscope  of  a  brown 
or  yellowish-brown  tint.  It  consists  of  divergent  groups  of  Ncr^ 
delioate  acicular  crystals,  bat  even  under  high  powera  ^<evr  WcmvokAi* 

TOIu  XXJ/r.  12L 


98  Messrs.  D.  Herman  and  F.  Rutley. 

tions,  where  they  shoot  into  the  unaltered  glass,  cannot  be  clearb 
made  out.  In  most  cases  their  terminations  appear  to  be  ronnded 
while  in  others  they  have  a  rectangular  aspect,  suggestive  of  a  basa 
plane  or  an  edge  normal  to  the  principal  axis.  The  groups  are  no* 
separated  by  prismatic  joint  planes,  but  the  divergent  crystals  o 
adjacent  groups  appear  to  slightly  overlap.  The  directions  of  extinc 
tion  indicate  that  they  are  possibly  rhombic  forms.  When  magnifiec 
about  570  diameters  the  individual  crystals  seem  frequently  to  consist 
of  linear  aggregates  of  minute  globulites,  but  this  appearance  if 
possibly  deceptive,  and  in  some  cases  the  crystals  exhibit  no  sucl 
structure.  The  terminations  of  the  crystals  pass  rather  irregularly 
into  the  adjacent  glass,  giving  the  edges  of  the  crystalline  groups  c 
fringed  aspect  somewhat  like  the  pile  of  velvet.  The  adjacent  glass 
shows  colourless  spheroidal  specks  or  globulites. 

Section  E2  is  taken  parallel  to  one  of  the  faces  of  the  six-sided 
prism,  and  is,  indeed,  a  shaving  of  the  devitrified  crust.  Mr.  Cnttel 
succeeded  in  making  a  section  the  full  size  of  the  face,  and  from  thic 
the  drawing,  fig.  1,  Plate  2,  was  made.  In  this  drawing  a  basal  and 
lateral  edge  are  shown,  and  it  will  be  seen  that  from  these  edges 
divergent  groups  of  crystals  pass  inwards.  With  the  exception  oi 
this  fringe,  which  represents  more  or  less  oblique  sections  of  the 
•.rystalline  groups  which  constitute  the  devitrified  crust,  the  re- 
mainder of  the  face  shows  only  a  polygonal  network,  the  polygons 
being  the  cross  sections  of  prisms.  It  has,  in  fact,  the  same  structure 
as  the  margin,  only  the  crystalline  groups  arc  in  this  part  cut  trans- 
versely to  the  direction  of  their  growth,  while  at  the  margin  they  arc 
cut  obliquely,  for  the  section  being  taken  a  little  distance  inwardt 
from  the  surface  of  the  face  trenches  slightly  upon  the  crystalline 
groups  of  the  adjacent  faces,  both  lateral  and  basal.  The  section  as 
onginall'y  cut  was  so  feebly  translucent  that  an  endeavour  was  made 
to  reduce  its  thickness.  This,  however,  resulted  in  its  almost  total 
disintegration  along  iiTCgular  cracks  without  materially  increasing 
its  translucency. 

Specimen  F.  This  is  a  completely  devitrified  sphere  of  light- 
coloured  bottle-glass  18  mm.  in  diameter,  devitrified  in  two  operations 
under  the  same  conditions  as  Specimens  I,  K,  and  D.  Under  the 
microscope  a  section  taken  through  the  centime  of  the  sphere  shows  a 
somewhat  irregular  circumference,  which  is  accounted  for  when  the 
surface  of  the  original  specimen  is  carefully  examined,  for  it  is  seen 
to  be  pitted  with  numerous  small  cavities,  and  to  have  a  rough  fritted 
and  imperfectly  glazed  aspect.  The  irregularities  of  this  surface  are 
due  to  the  impressions  of  sand-grains,  a  few  of  which  may  still  be 
detected  adhering  to  the  surface.  The  glass  has  evidently  undergone 
incipient  fusion,  and  the  crystallisation  in  the  immediate  neighbour- 
bood  of  the  5and-grains  is  very  small  and  confused.     This  iiTegularly 
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crystalline  margin  is  bounded  internally  by  a  sin  nous  crack,  showing 
the  extent  of  the  devitrification  produced  by  the  first  heating  to  which 
the  specimen  was  subjected,  while  other  irregcdar  cracks  traverse  this 
portion  circumferentially  as  a  rule,  but  they  sometimes  pass  through 
the  margin  radially.  The  latter  are  few,  penetrate  but  a  shoi*t 
distance,  and  are  mostly  fringed  by  delicate  crystalline  fibres  normal 
to  the  crack,  and  usually  terminate  in  a  radial  group  of  fine  acicular 
crystals  or  fibres.  In  one  or  two  spots  the  cracks  are  seen  to  follow 
the  contours  of  small  cavities,  from  which  sand-grains  have  been 
stripped  in  the  process  of  grinding  the  section.  Inside  the  wavy 
circumferential  crack  the  crystallisations  have  shot  inwards  in  long 
divergent  groups,  which  towards  the  middle  portion  of  the  sphei*e 
give  place  to  large  irregular  radiating  groups  of  crystals,  so  large, 
in  fact,  that  there  does  not  appear  to  be  more  than  half-a-dozen  of 
them  in  the  section,  and  these  are  in  most  instances  cut  through  in  a 
plane  remote  from  their  centres,  thus  giving  oblique  and  transverse 
slices  through  the  crystalline  rods.  Had  these  groups  been  able  to 
crystallise  freely  they  would  have  resulted  in  spherules,  and  this, 
indeed,  might  have  been  tho  case  had  the  devitrification  of  the 
sphere  been  incomplete  ;  as  it  is,  they  seem  to  have  rudely  polygonal 
boundaries.  The  devitrification  of  this  specimen  seems  in  part  to  be 
of  a  micro-crystalline-granular  character  under  a  magnifying  power  of 
18  linear,  but  under  a  power  giving  an  amplification  of  570  diameters 
this  is  seen  not  to  be  the  case,  the  mass  being  resolved  into  a  closely 
matted  aggregate  of  little  acicular  crystals  with  a  general  tendency 
to  radiate  grouping,  as  shown  in  fig.  4,  Plate  1.  In  fig.  5  on  the 
same  plate  the  general  aspect  of  a  portion  of  the  sphere  at  and  near 
the  margin  is  shown.  The  circular  hole  near  the  margin  is  where  a 
sand-grain,  around  which  the  glass  has  fused,  has  been  stripped  out 
Id  grinding. 

Specimen  No.  78  is  portion  of  a  large  hemispherical  mass  of  com- 
pletely devitrified  sheet-glass  taken  from  a  mass  of  many  tons  which 
burst  from  the  furnace  in  the  liquid  state  and  ran  into  a  **  cave  " 
underneath.     The  mass  solidified  I'apidly,  but  owing  to  its  great  bulk 
remained  at  a  high  temperature  for  several  days.     In  the  specimen 
there  is  a  fragment  of  uncombined  lime,  indicating  that  at  the  spot 
from  which  the  specimen  was  taken  the  fusion  of  the  raw  materials 
composing  the  glass  was  not  quite  complete.     This  specimen  exhibits 
a  curious  and  very  rough  concentiic  scaly  or  platy  structure.     It  is 
of  a  pale  greenish- white  tint,  and  the  broken  surfaces  are  covered 
with  small  glistening  hair-like  crystals.     It  feels  rough  to  the  touch 
like  a  piece  of  nnglazed  porcelain,  which  it  rather  resembles,  and  it 
has  a  distinctly  vesicular  structure.     The  vesicles  are  spherical.     In 
thin  section  it  is  very  feebly  translucent,  and  consists  of  a  m&tiQl 
minute  groups  of  radiating  crystals.     The  aspect  oi  tke  Bwri^wci^  o\  vw 
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ronghly  broken  piece  of  this  specimen  magnified  four  diameters  is 
shown  in  fig.  5,  Plate  2. 

Specimen  No.  105  is  a  piece  of  plate-glass  12  mm.  in  thickness, 
having  the  nneven  surface  nsnal  in  plate-glass  before  it  has  undergone 
the  process  of  grinding.  Devitrification  in  this  case  has  given  to  the 
glass  the  appearance  technically  known  as  '*  burnt,*'  and  it  was  brought 
about  in  the  ordinary  process  of  annealing  owing  to  the  kiln  being  too 
hot.  The  glass  was  in  the  stifE,  pasty  condition  suitable  for  rolling 
when  introduced  into  the  kiln,  and  was  kept  at  a  bright  red  by  fiame 
playing  almost  directly  upon  it  for  about  half  an  hour,  during  which, 
and  possibly  during  a  short  period  of  subsequent  cooling,  the  devitri- 
fication was  efEected.  The  devitrification  of  this  specimen  is  quite 
incipient,  and  afEects  merely  the  two  parallel  surfaces,  one  of  which 
is  uneven  and  scratched  owing  to  contact  when  in  a  soft  condition 
with  the  rough  bed  of  the  kiln.  This  latter  surface  is  extremely 
interesting,  as  it  shows  a  reticulating  series  of  irregular  cracks, 
traversed  in  places  by  straight  belts  of  spherules  which  are  apparently 
in  no  way  connected  with  the  cracks,  and  begin  and  end  abruptly  in 
a  seemingly  capricious  manner,  fig.  4,  Plate  2.*  The  cracks  are 
similar  to  those  produced  in  glass  by  heating  it  and  plunging  it  in 
water.  Other  isolated  and  larger  spherules  are  also  to  be  seen  upon 
both  surfaces  of  this  specimen.  Fig.  3,  Plate  2,  shows  one  of  these 
surfaces — the  upper,  as  seen  by  ordinary  transmitted  light,  and 
magnified  32  linear.  The  shaded  spots  represent  incipient  spherules 
which  fail  to  show  any  depolarisation  ;  the  darker  spots  are  decided 
spherules  with  strong  depolarising  power.  The  unshaded  portion  of 
the  section  also  transmits  light  between  crossed  Nicols,  and  is  therefore 
in  a  state  of  strain.  Under  a  magnifying  power  of  1150  diameters 
the  incipient  spherules  can  merely  be  resolved  into  brownish  granular 
patches,  sometimes  approximately  round,  not  uncommonly  dumbbell- 
shaped,  or  like  two  coalescing  spheres,  but  usually  they  are  of  irregular 
form,  and  their  general  aspect  is  nebulous. 

Specimen  L.  A  piece  of  pale  greenish  sheet-glass  transfeiTcd,  when 
in  the  semi-fluid  state  suitable  for  working,  to  a  small  pot  in  which  it 
was  maintained  during  four  or  five  hours  at  a  temperature  barely 
suflBcient  to  permit  of  its  being  "  gathered."  It  is  traversed  by 
rudely  parallel,  irregular,  flocculent,  milky  bands.  Under  a  power  of 
about  250  diameters  numbers  of  minute  crystallites  are  visible ;  they 
show  no  double  refraction.  Some  are  stellate,  others  fusiform  or 
acicular.  The  latter  are  often  wholly  or  partially  surrounded  by  fine 
dusty  segregations,  which  frequently  seem  to  be  diminutive  divergent 
spicules.     The  most  common  forms  have  the  aspect  of  monoclinic  or 

*  This  specimen  closely  resembles  some  of  the  spherulitic  obsidians  of  Montana, 
U.S.     CompRTo  tills  figure  with  fig.  5,  Plate   XX,  "Quart.   Joum.  Gkol.   Soc.," 
Tol.  xxTrii, 
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triclinio  crystals.  Their  angles  vary  considerably ;  one  gave  150**, 
another  116^,  bnt  these  measurements  are  of  little  value,  as  it  is 
donbtfnl  whether  the  individuals  measured  were  lying  parallel  with 
the  planes  of  section.  Some  of  these  forms  are  shown  in  fig.  6, 
Plate  2,  not  represented  as  they  are  actually  grouped  in  the  prepara- 
tion, bnt  selected  from  various  spots.  They  closely  resemble  some  of 
the  crystallites  met  with  in  the  slags  of  blast  furnaces.  They  occur 
in  the  white  turbid  bands  in  the  glass,  the  transparent  portion  being 
almost  free  from  them. 

Specimen  M  is  a  piece  of  clear  sheet-glass,  about  2'5  mm.  thick, 
from  a  pot  containing  somewhat  less  lime  than  usual.     Owing  to  the 
furnace  being  rather  cold  during  the  time  the  glass  from  this  pot 
was  being  worked,  devitrification  in  the  form  technically  known  as 
*'  ambitty  "  set  in,  and  increased  to  such  an  extent  that  blowing  was 
stopped  and  the  pot  emptied  by  ladling.     The  specimen  was  blown 
shortly  before  the  ladling  operation  was  commenced;  it  contains  a 
few  very  beautiful  crystallites  similar  to  those  figured  in  Plate  8  of 
Vogelsang's  "  Krystalliten."     One  of  them,  which  closely  resembles 
one  of  the  usual  forms  of  snow-crystals,  being  a  skeleton  hexagon  or 
six-rayed  star,  gives  angles  of  60°  between  the  component  crystalline 
needles.     These  exhibit  double  refraction,  and  undergo  extinction  in 
directions  parallel  to  and  at  right  angles  to  their  longest  axis.   Between 
crossed  Nicols  depolarisation  from  sti*ain  is  visible  in  the  adjacent  glass, 
the  minute  brushes  of  light  being  more  intense  about  the  points  of 
the  principal  needles.     It  would  appear  from  the  depolarisation  and 
directions  of  extinction  that  this  crystallite  may  be  referred  to  the 
rhombic  system,  twinned  somewhat  after  the  manner  of  chrysoberyl. 
This  seems  the  more  probable,  since  some  of  the  forms  in  Section  L 
also  resemble  certain  rhombic  forms.     The  crystallite  just  described 
is  seen  when  examined  under  a  power  of  about  280  linear  to   be 
traversed  by  an  irregular  network  of  strong  cracks  lying  in  the  same 
plane  as  the  crystallite,  and  extending  nearly  to  but  never  beyond  its 
margin.     In  the  centre  of  the  crystallite  is  a  dark  spherule.     The 
fact  that  the  reticulating  cracks  are  restricted  to  the  area  occupied  by 
the  crystallite  indicates  a  relation  to  the  latter,  and  the  depolarisation 
of  the  adjacent  glass  indicates  strain.   Since  this  strain-depolarisation 
only  occurs  at  the  margin  of  the  crystallite,  we  may  infer  that  the 
strain  is  connected  with  its  development,  and  the  cracks  are  no  doubt 
the  result  of  this  strain.     Had  the  body  been  a  completely  developed 
crystal  and  not  a  skeleton  form,  the  strain  would  probably  have 
resulted  in  the  development  of  a  perlitic  crack,  and  not  in  a  reti- 
culating series  of  cracks  which  possibly  arise  from  strain  about  a 
number  of  points.    Another  crystallite  in  the  same  piece  of  glass  is 
very  different  in  appearance  to  that  last  described ;  ita  ^eii^T%\  owX*- 
line  is  that  of  an  irre^nJar  hexagon.     It  is  traversed  \>y  fcux  ^^- 
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marked  crystalline  rods,  apparently  composed  oF  piles  of  octabedra 
like  those  of  alnm,  and  trhere  they  tonch  the  margin  of  the  crystal 
they  usDolly  pass  beyond  it,  forming  little  spicnlar  crystallisations 
like  fir-trees  or  like  the  crystals  formed  in  cast  iron.  They  throw  ont 
branches  at  right  angles  to  tbe  main  spicule.  The  crystallite  is  also 
traversed  by  other  crystalline  rods  of  a  like  character,  bnt  at  right 
angles  to  the  first  set,  and  these  also  pass  ont  in  little  fir-tree-like 
crystallisations.  There  are  also  small  rods  which  mn  in  two  direc- 
tions obliquely  t«  the  former,  and  which  intersect  in  an  angle  of 
about  87°.  The  form  therefore  is  not  cnbic,  aa  might  at  first  sight  be 
thonght.  The  larger  spicule  also  show  doable  refraction.  There  is 
some  depolarisation  in  the  glass  around  this  crystallite  duo  to  strain, 
hut  no  cracks  are  developed.  The  spiculffi  extinguish  parallel  to  and 
at  right  angles  to  their  longest  axes.  At  least  they  appear  to  do  so, 
bnt  it  is  difficult  to  tell,  and  the  colour  difference  is  so  slight  when  a 
Klein's  plate  is  employed  that  it  is  imposaibls  to  apeak  with  any 
certainty  on  this  point.  On  the  whole  we  are  inclined  to  regard  these 
crystallites  as  belonging  to  the  rhombic  system.  The  one  last  de- 
scribed is  a  twinned  form,  and  exhibits  several  re-entering  angles. 
A  rough  sketch  of  it  (fig.  2)  is  appended. 
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Qeneralieationg. 
Prom  the  microscopic  examination  of  the  specimens  already 
described,*  it  seems  evident  that  the  devitrification  of  solids  of 
the  nature  described  in  this  paper  takes  place  in  a  definite  and 
apparently  uniform  manner,  to  which  Specimen  No.  105  is  no  excep- 
tioii,  for  the  incipient  sphernles  and  the  well -developed  spherules  are 
but  rudimentary  phases  of  the  divergent  groQps  which  we  genetully 
meet  with,  and  which  have  been  already  described.  In  Specimeu  105 
they  are  eseentially  superficial,  and  wc  can  imagine  them  as  hemi- 
spheres,  as  represented  in  fig.  3,  ready,  as  devitrification  advances,  to  be 
continued  inwards,  in  which  case  we  cease  to  recognise  their  sphemlitia 


chaiacber.  In  solids  free  from  flaws  the  devitrification  appears  then, 
as  a  rale,  to  consist  in  the  development  of  divergent  groups  of 
crystals,  the  divei^ence  being  nsually  limited  by  a  network  of  minute 
joints,  which  give  rise  to  small  polygonal  prisms.  These  crystals  and 
joinU  extend  inwards  from  the  different  faces  of  the  solid,  and  may 
or  may  not  ultimately  meet.  The  crystalline  groups  in  their  respeo- 
tivfl  prisms  are  banded  by  arcs  of  circles,  which  we  may  assume  are 
related,  but  perhaps  obscnrely,  to  the  initial  psondo-spherulitic  struc- 
ture of  the  superficial  crust  of  the  solid.  These  arcs  indicate  succes- 
sive stages  of  growth.  The  crystallisations  from  the  different  faces 
of  the  solid  ultimately,  in  small  masses,  arrest  one  another,  and 
deTitrifioation  is  then  complete.  In  the  case  of  the  sphere,  Speci- 
men Y,  already  described,  the  process  has  gone  on  in  much  the  same 

*  'With  tha  ■loeptioiu  of  Specimens  78,  L  and  H,  in  which  dentrificaCion  wu 
prodnoed  during  cooling  from  the  fluid  ntsls,  and  Speoimea  106,  which  wu  probablj 
■till  Mmawhat  wft  when  devitrification  commenced,  oil  the  spedmmu  described 
wvra  deritrifled  wfailit  in  the  lolid  atate  bj  more  or  lem  pr(>lon|,ed  ^tviAa  al 


104  MeBsrs.  D.  Hennau  and  F.  Butley. 

manner  for  a  slight  distance  from  the  surface,  after  which  an  irregular 
crystallisation  has  been  set  np  from  independent  centres;,  but  it 
should  be  remarked  that  difference  in  the  chemical  composition  is 
known  to  influence  the  mode  of  procedure,  as  well  as  the  character 
of  the  deyitrification.  The  direction  of  the  prismatic  stractura 
always  seems  to  be  approximately  normal  to  the  surfaces,  and  the 
divergent  sheaves  of  crystals  advance  from  the  sur&ce  inwards  by 
successive  growths  within  the  prisms.  It  seems  quite  possible  that 
in  the  absence  of  such  prismatic  jointing  the  whole  mass  would 
become  spherulitic,  or  would  consist  of  an  irregular  felted  mass  of 
crystallites.  The  near  resemblance  which  some  of  the  specimens  just 
described  bear  to  devitrified  and  partially  devitrified  obsidians  shows 
how  close  the  structural  relationship  is,  and  that,  allowing  for  difference 
in  the  conditions  under  which  the  process  takes  place,  the  principle  of 
devitrification  is  the  same. 

Specimen  No.  122r2,  a  piece  of  ordinary  sheet-glass,  which  was 
bedded  in  white  sand  and  heated  during  a  period  of  only  four  days  to 
a  temperature  gradually  increasing  from  that  of  the  atmosphere  up  to 
a  blood-red — a  temperature  somewhat  lower  than  that  employed  for 
any  of  the  specimens  previously  described,  shows  purely  superficial 
devitrification  by  the  development  of  globulites  and  spherules  or 
spheruUtoid  crystallites,  like  fig.  11,  Plate  3.  Tn  this  particular 
crystallite,  which  is  of  a  pale  brown  colour,  no  structure  can  be  made 
out.  It  seems  merely  to  consist  of  an  aggregate  of  globulites,  but  in 
other  cases  bodies  of  precisely  similar  form  show  a  decided  radiating 
ciystalline  structure,  like  that  of  the  brown  spherules,  which  occur 
with  them  in  the  same  specimen,  the  only  difference  between  these 
crystallites  and  the  spherules  consisting  in  the  external  form  or  limit- 
ing surface.  It  is  for  this  reason  that  we  propose  to  call  them 
sphorulitoid  crystallites.  Fig.  10,  Plate  3,  drawn  from  the  same  piece 
of  glass,  shows  part  of  the  network  of  cracks  by  which  the  surface  is 
cut  up,  and  the  curious  manner  in  which  the  globulites  have  segi*e- 
gated  along  these  cracks,  so  as  to  leave  the  fairly  well-defined  circular 
and  oval  spaces  in  which  the  globulites  are  less  densely  packed. 
Spherules  sometimes  occur  within  these  clearer  areas,  but  the  latter 
do  not  seem  to  have  any  necessary  connexion  with  the  development 
of  the  spherules. 

In  Specimen  No.  1226,  superficially  devitrified  under  the  same  con- 
ditions as  the  pi*eceding,  a  tendency  to  the  formation  of  perlitic 
structure  is  seen  around  some  of  the  spherules. 

Specimen  126,  a  piece  of  rough  plate-glass,  ^  inch  thick,  bedded  in 

white  sand,  contained  in  a  small  fire-clay  pot,  and  placed  in  a  kiln, 

the  temperature  of  which  was  gradually  raised  during  a  period  of 

8^  days,  by  which  time  a  dull  red  heat,  about  650"*  C,  was  attained. 

^s  it  was  known  by  comparative  experiments  with  similar  pieces  of 
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glass  contamed  in  other  pots  in  the  same  kiln,  that  no  appreciable 
change  had  taken  place  in  the  glass  up  to  this  time,  we  propose  to 
reckon,  in  this  and  subsequent  experiments,  what  may  be  called  the 
active  period  of  devitrification,  from  the  first  attainment  of  650^, 
neglecting  altogether  the  time  required  to  bring  the  specimen  up  to  this 
temperature,  which  necessarily  varies  in  different  cases,  and  is  known 
to  be  without  appreciable  effect  on  the  glass.  The  pot  containing  Specie 
men  126  was  withdrawn  from  the  kiln  29  hours  after  its  first  attaining 
the  temperature  of  650^,  by  which  time  the  heat  had  slightly  increased » 
The  pot  with  its  contents  was  allowed  to  cool  during  about  four  hours, 
when  the  glass  was  removed  from  its  covering  of  sand,  which  had 
cooled  down  almost  to  the  atmospheric  temperature.  This  specimen 
shows  devitrification  only  on  the  surfaces,  the  alteration  being  so 
slight  that  writing  can  be  clearly  read  through  the  glass  when  it  is 
placed  close  over  it,  but  when  raised  an  inch  above  the  writing  the 
latter  appears  blurred  and  illegible.  The  devitrification,  which  is 
quite  incipient,  consists  in  the  segregation  of  vast  numbers  of  minute 
granules  and  globulites  about  various  points  on  the  surface  of  the 
glass,  and  in  very  many  cases  small  stellate  crystallites  lie  in  the  midst 
of  these  segregations.  They  are  colourless  and  translucent,  but  too 
small  to  show  any  double  refraction,  even  if  they  possess  the  property. 
Under  an  amplification  of  120  linear  the  specimen  shows  portions  of 
its  surface  which  are  still  quite  clear  and  unaltered.  The  margins  of 
the  unaltered  areas  show  some  fine  nebulous  segregations  which 
envelope  no  crystallites,  but  the  majority  contain  the  stellate  forms 
already  alluded  to.  Of  these,  the  simplest  form  is  a  four-rayed  star 
or  cross,  the  arms  of  the  cross  being  apparently  at  right  angles,  but 
most  of  these  crystallites  are  mauy-ittyed,  as  shown  in  fig.  13,  Plate  3, 
which  was  drawn  with  a  magnifying  power  of  820  linear.  On  the  top 
and  left  hand  margin  of  this  drawing  portions  of  a  crack  are  shown, 
and  on  certain  parts  of  the  surface  of  this  specimen  the  nebnlous  and 
crystallite-bearing  spots  are  separated  by  a  network  of  irregular 
cracks. 

Specimen  127,  a  piece  of  polished  plate-glass,  |  inch  thick,  treated 
in  the  same  pot  as  Specimen  126,  and  under  exactly  the  same  con- 
ditions. This  is  another  instance  of  incipient  and  purely  superficial 
devitrification.  The  general  appearance  is  somewhat  like  that  of 
No.  126,  but  in  this  case,  although  a  few  imperfectly  developed 
spiculaB  are  present,  there  are  no  distinct  stellate  crystallites,  possibly 
because  in  glass  of  this  kind,  containing  a  considerable  quantity  of 
lime,  stellate  crystallites  do  not  occur  so  frequently  as  in  the  quality 
represented  by  Specimen  126,  and  the  alteration  of  the  glass  consists 
merely  of  delicate  nebulous  spots,  which  under  a  power  of  820  linear 
are  seen  to  be  composed  wholly  of  globulites,  and  this  is  th^  tclq%\» 
rudimentary  phase  of  deFi^rification   touched  upon,  m  Woe  '^^^'^t 
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7he  little  nebnlons  patclien  ai-e  mostly  circular  in  form,  and  these 
oirculsr  patches  often  coalesce.  There  are  a  few  instances  in  which 
the  globnlitea  occnr  within  sharply  defined  circnlar  or  approximately 
oircnlar  boundaries,  bnt  for  the  most  part  the  nebnlons  patches  shade 
gradually  anay  into  the  glass.  One  of  these  patches  magnified 
820  diameters  is  shown  in  fig.  12,  Plate  3,  The  stmctare  fore- 
shadowed in  thin  and  in  Specimen  126,  may  be  regarded  as 
spheralilic* 

Specimen  No.  147  is  eflpecially  interesting  on  accoant  of  the  per- 
fect manner  in  which  it  demonstrates  that  deritrification  takes  plaoe 
from  the  tturfacca  of  a  crack,  jaat  as  from  any  other  snrfaceg.     The 

*  A  verj'  interesting  example  of  s  like  ilructure,  but  on  s  much  largsF  wale,  i> 
«een  in  n  ipniinicii  of  obaidiui  collected  bj  Mr.  John  Arthur  Phillips,  at  Hot 
Spring!,  near  Little  Lake,  in  California.  The  obaidian  is  black  and  oonlAini  Mmal 
gTpjisli.wliite,  or  yeUoiriah-irhite,  spheroidal  bodies  (lithophjsea  of  Bfchthofen), 
which  range  up  to  ao  inch  in  diameter.  These,  when  euimined  carefullj,  ars  Men 
to  consist  of  niimtien  of  Bmall  spherules,  about  ^  of  ao  Inch  iu  diameter',  but  Dunj 
of  Blill  smalU'r  dimensions.  The  minute  spherulitic  structure  of  these  large  sphsrule* 
ii  best  seen  on  weathered  surfaces,  but  eren  on  fractund  surfaoes  the  spherule*  may 
■till  be  sees,  though  their  spherical  character  is  less  clearly  riiible,  owing  to  inter- 
atitial  matter,  which  becomes  removed  bj  weathering.  In  these  larger  spherulaa 
there  is  CTidence,  though  obscure,  of  a  radiating  structure.  The  mimierj  of  the 
little  spherules  built  of  globulites,  in  Specimens  l!i6  and  127,  bj  thete  large 
spherules  built  of  little  spherules,  in  the  obsidian,  is  rery  striking,  but  it  is  quite 
probable  in  the  latler  fase  that  llie  smaller  epherulitic  structure  was  set  up  in  the 
large  spherule  after  its  tormntion,  the  veatigca  of  a  radiating  crystalline  structure 
tending  to  condrui  (his  view. 

Fio.  4. 
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Part  of  large  apherale  in  obsidian  from  Hot  Springs,  near  Little  Lake,  Califoniia. 
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specimen  is  a  slab  of  f -inch  British  plate,  about  4  inches  by  3  inches 
in  diameter,  and  upon  one  of  its  surfaces  a  straight  cnt  or  scratch, 
ftboat  2  inches  long,  was  made  by  a  diamond,  producing  an  exceed- 
ingly fine  crack,  extending  at  the  edge  of  the  plate  to  a  depth  of  oyer 
iinch  in  a  direction  approximately  normal  to  the  surface  upon  which 
the  scratch  was  made,  and  gradually  dying  out  to  the  end   of  the 
<iiamond  cut.     The  crack  was  sufficiently  fine  to  show  Newton's  rings. 
The  specimen  was  then  completely  devitrified  by  heating  continuously 
for  nine   days   afc   a  bright   red  heat,    a   tomperatui*e   considei*ably 
higher  than  was  employed  in  the  case  of   Specimen  126,  127,  and 
it  was   subsequently   cracked  across   in   the    direction   of   the  line 
marked   BB   in   fig.  1,  Plate   4.      Fig.    2   represents   the  fractured 
surface.     At  each  end  are  the  usual  triangular  areas,  formed  by  lines 
of  arrest,  but  the  line  of  arrest  which  usually  joins  the  apices  of 
these  triangular  areas  is  here  interrupted  by  another  series  of  crystal- 
lisations  which   have   emanated   from   the  crack   produced  by  the 
diamond  scratch.     In  the  half  of  the  plate  nearest  to  the  scratched 
surface  we  have,  indeed,  a  reproduction  of  what  has  taken  place  at 
the  outer  edges  of  the  plate,  the  result  being  a  nearly  equilateral 
triangular  area  of  crystallisation,  bisected  by  the  crack  already  men- 
tioned.    This  crack,  however,  passes  a  little  beyond  the  median  line 
of  arrest,  and  from  its  termination  the  crystallisation  radiates  and 
ends  against  a  curved  arrest  line,  as  shown  in  fig.  2,  Plate  4. 

That  devitrification  does  not  always  proceed  in  the  orderly  and 
uniform  manner  seen  in  Specimens  115,  147,  and,  indeed,  in  nearly 
all  of  the  examples  already  described  in  this  paper,  will  be  best 
realised  by  reference  to  the  figures  of  Specimens  Nos.  132  and  136  on 
Plate  4,  figs.  4  and  5.  Fig.  3  in  the  same  plate.  Specimen  No.  137,  is 
a  small  slab  of  glass  partially  devitrified.  The  crust  has  been  formed  in 
the  usual  way  by  crystallisation  proceeding  from  the  surface  inwards, 
but  the  process  has  been  arrested,  and  where  the  outer  crust  is  broken 
away  a  core  of  somewhat  cracked  but  perfectly  clear  glass  is  seen,  in 
which  no  spherules  or  other  crystalline  bodies  are  visible.  In  Speci- 
mens 132  and  136,  however,  the  result  has  been  different,  for  after 
a  slight  external  crust  has  been  formed,  devitrification  has  also 
started  from  numerous  points  within  the  glass,  giving  rise  to  a  well- 
marked  spherulitic  structure. 

Why  these  spherules  have  been  formed  instead  of  a  gradually 
increasing  crust  is  a  matter  which  we  hope  to  explain  in  a  subsequent 
paper. 
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"  Flut.  Open  Mor.  et  Phil.,"  toL  iz,  p.  682 
(ed.  Leipjdo,  1778). 

The  sun  is  the  onlj  star  the  corona  of  which  we  have  been  able  to 
observe,  for  all  other  stars  are  too  distant  to  g^ve  true  images  in  the 
telescope.  If  the  sun  were  removed  to  a  distance  equal  to  that  of  the 
nearest  star,  its  disk  would  subtend  less  than  the  one-hundredth  of  a 
second  of  arc.  We  have  also  to  consider  the  small  relative  brightness 
of  the  corona,  the  light  from  which  has  been  estimated  at  different 
times  to  be  from  TxnroTnr  ^  about  the  -isjh^rs  P^^^  ^^  the  sun's  light. 
It  is,  indeed,  possible  that  stars  which  have  a  higher  temperature 
than  our  sun,  are  surrounded  bj  coronas  of  greater  extent  and  bright- 
ness. 

At  the  eclipse  of  1882,  some  information  was  obtained  of  the  sun's 
condition  in  relation  to  that  of  the  brighter  stars.  The  photographs 
of  the  more  refrangible  part  of  the  spectra  of  stars,  which  I  had  the 
honour  to  lay  before  this  Society  in  1879,*  gave  a  clue  by  which  the 
stars  could  be  arranged  in  a  serial  order,  at  the  head  of  which  stand 
the  bright  stars  Vega  and  Sirius.  I  ventured  to  suggest  that  the 
differences  in  their  spectra  might  be  due  primarily  to  temperature ; 
and  even  to  make  the  further  suggestion,  that  the  hotter  stars  were 
probably  the  younger  stara,  and  that  we  had  obtained  possibly  some 
indications  of  the  relative  ages  of  the  stars.  The  position  of  the  sun 
came  some  distance  down  in  the  series,  very  near  the  position  of 
Capella,  and  just  above  the  stars  which  begin  to  show  a  yellow  tinge 
in  their  light.  In  the  ordinary  solar  spectrum  it  is  difficult  to 
distinguish  the  ultra-violet  group  of  hydrogen  lines,  upon  the 
character  of  which  this  serial  arrangement  was  mainly  based,  but  in 
the  photograph  of  the  spectrum  of  the  corona  obtained  during  the 
Egyptian  eclipse.  Captain  Abney  and  Professor  Schuster  have  been 
able  to  recognise  very  thin  bright  lines  con*esponding  to  the  lines  of 
this   group.t      These  lines   were  not  due  to    the   coi'ona,   but    to 

•  "  Proc.  Roy.  Soc.,"  toI.  30,  p.  20 ;  also  "  Phil.  Trans.,"  vol.  171,  p.  669. 
f  "Fbil,  Trans.;*  1883,  p.  267. 
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prommences  at  the  base  of  tHe  corona.  The  thin  condition  of  these 
lines,  as  well  as  the  breadth  of  the  lines  of  calcium  at  H  and  K,  confirms 
the  position  which  I  had  Tentnred  to  give  to  the  snn  relatively  to  some 
of  the  brighter  stars,  namely  as  belonging  to  the  least  fervid  of  the 
white  stars,  and  just  above  those  which  begin  to  show  a  yellow  light. 

There  are  indeed  some  stars  in  the  spectra  of  which  the  line  Dg 
which  is  seen  in  the  prominences,  and  in  the  lower  parts  of  the  corona 
of  the  sun,  appears  as  a  bright  line,  but  this  may  be  due  to  gas  below 
any  true  corona,  which  may  be  about  these  stars. 

There  are  also  the  so-called  nebulous  stars,  which  are  surrounded 
by  an  aureole  of  faint  light  of  measurable  angular  extent,  but  it  would 
seem  more  probable  that  these  belong  to,  and  should  be  discussed  with, 
the  clusters  and  nebuleo,  and  should  not  be  regarded  as  exhibiting  a 
corona  of  the  nature  of  that  which  surrounds  the  sun. 

So  far  then  as  our  present  powers  of  observation  go,  the  corona  of 
the  sun  stands  alone ;  it  is  therefore  the  more  to  be  regretted  that  the 
observations  of  this  object  are  beset  with  great  and  peculiar  difficulties. 
The  absorption  and  scattering  of  the  sun's  light  by  our  atmosphere, 
amounting  according  to  Professor  Langley  to  nearly  40  per  cent.,* 
which  are  essential  to  the  maintenance  of  the  conditions  under  which 
life,  as  it  now  exists,  is  possible  upon  the  earth,  comes  in,  in  this  case, 
80  seriously  to  our  disadvantage  that  the  corona  can  be  seen  for  a  few 
minutes  only  at  long  intervals.  It  is  only  on  the  rare  occasions  when 
the  moon  coming  between  us  and  the  sun  cuts  off  the  sun's  light  from 
the  air  at  the  place  where  the  eclipse  is  total,  that  we  can  see  the 
corona  through  the  cone  of  unilluminated  air  which  is  in  shadow.  On 
an  aveitkge  once  in  two  years,  for  from  three  to  six  minutes,  the  corona 
is  visible,  and  then  only  over  a  very  narrow  strip  of  the  earth's  surface. 
It  is  not  surprising  that  many  attempts  have  been  made  to  observe  the 
corona  without  an  eclipse.  The  earlier  attempts  were  based  upon  the 
hope  that  if  the  eye  were  protected  from  the  intense  direct  light  of  the 
sun,  and  from  all  light  other  than  that  from  the  sky  immediately 
about  the  sun,  the  eye  might  become  sufficiently  sensitive  to  perceive 
the  corona.  In  the  later  attempts,  success  has  been  sought  for  from 
the  great  diminution  of  air-glare  which  takes  place  at  high  elevations, 
when  the  denser  and  more  dusty  parts  of  the  atmosphere  are  left  below 
the  observer.  Professor  Langley  made  observations  on  Mount  Etna, 
and  also  on  Mount  Whitney,  15,000  feet  high.  He  says : — **  I  have 
tried  visual  methods  under  the  most  favourable  circumstances,  but 
with  entire  non-success."  Dr.  Copeland,  assistant  to  Lord  Crawford, 
observed  at  Puno  at  a  height  of  12,040  feet.  In  his  report  he  says  :t 
— "  It  ought  to  be  mentioned  that  the  appearances  produced  by  the 
illuminated  atmosphere  were  often  of  the  most  tantalising  description, 

•  **  Amer.  J.  of  Science,"  September,  1884. 
t  Copernicus,  toL  iii,  p.  212. 
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giving  again  and  again  the  impression  that  my  efforto  were  aboat  to 
be  crowned  with  saccess.*' 

The  spectroscopic  method  by  which  the  prominences  may  be  seen 
without  an  eclipse,  fails  for  the  corona,  because  a  small  part  only  of 
the  coronal  light  is  resolved  by  the  prism  into  bright  lines,  and  of  these 
lines  no  one  is  snfiSciently  bright  and  coextensive  with  the  corona  to 
enable  as  to  see  the  corona  by  its  light. 

Let  ns  look  at  some  of  the  conditions  of  the  problem.  As  the 
obstacle  to  oar  seeing  the  corona  consists  of  the  bright  screen  of 
illuminated  air  which  comes  in  before  it,  it  is  of  importance  to 
consider  the  relative  deg^e  of  brightness  of  the  air-glare,  under 
fovourable  conditions,  to  that  of  the  corona  behind  it. 

Daring  the  eclipse  of  1878,  Professor  J.  W.  Langley  found  the 
apparent  brightness  of  the  coronal  light  at  1'  from  the  limb  of 
the  moon  to  be  six  times  greater  than  that  of  the  full  moon,  but  at 
3'  distance,  the  light  to  have  fallen  off  to  one-tenth  of  the  lighi 
of  the  full  moon.*  Professor  Harkness  concludes  for  the  same 
eclipse  : — (1.)  The  total  light  of  the  corona  was  3'8  times  that  of  the 
full  moon,  or  00000069  of  that  of  the  sun.  (2.)  The  coronal  lighl. 
varied  inversely  as  the  square  of  the  distance  fi*om  the  sun's  limb. 
(3.)  The  brightest  part  of  the  corona  was  15  times  brighter  than  the 
surface  of  the  full  moon.  (4.)  The  coi*ona  of  December  12,  1870, 
seems  to  have  been  7 J  times  brighter  than  that  of  July  29,  1878.t 
In  his  report  on  the  eclipse  of  1883,  M.  Jansscn  says : — "  Cette  ex- 
perience a  montre  qu*a  Caroline  rillumination  donnee  a  6te  plus 
grande  que  celle  de  la  pleine  lune."J 

The  chief  point  of  importance  for  this  inquiry  lies  not  so  much  in 
the  actual  value  of  the  coronal  light  as  in  the  relation  of  that  value  to 
the  brightness  of  the  illuminated  air  near  the  sun.  Many  observers 
have  borne  testimony  to  the  continued  visibility  of  the  coi*ona  for 
some  minutes  (from  three  minutes  to  twelve  minutes)  after  the  end  of 
totality. 

The  observations  which  give  to  us  direct  information  on  this  point 
are  those  which  have  been  made  of  the  planets  Venus  and  Mercury 
when  they  come  in  between  us  and  the  sun.  It  is  obvious  that  as  the 
planet  approaches  the  sun  it  comes  in  before  the  corona  and  shuts  off 
the  light  which  comes  from  it.  Under  these  circumstances  the 
observer  sees  the  sky  in  front  of  the  planet  to  be  darker  than  the 
adjoining  parts,  that  is  to  say,  the  withdrawal  of  the  coronal  light 
from  behind  has  made  a  sensible  diminution  of  the  brightness  of  the 
sky.  It  follows  that  the  part  of  the  sky  about  the  sun,  behind  which 
the  corona  is  situated,  and  to  which  its  light  is  added,  is  brighter  than 

•  Washington  Observations.     Reports  of  Solar  Eclipses,  1878  and  1880,  p.  214. 
t  Ditto,  p.  392. 
^  **AnDnairepourYAn  1884"  (B.  des  Longitudes),  p.  875. 
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the  adjoining  parte,  in  a  degree  not  far  removed  from  the  eye's  power 
of  distinguishing  adjacent  areas  which  difEer  hj  a  small  degree  of 
brightness. 

Ify  therefore,  by  any  method  of  observation  even  a  small  advantage 
ooald  be  given  to  the  coronal  light  as  compared  with  the  air-glare, 
and,  especially,  if,  at  the  same  time,  we  coald  by  any  method 
accentuate  the  small  difference  of  illumination,  a  method  might  be 
found  by  which  the  corona  could  be  observed. 

When  the  report  of  the  photographs  taken  during  the  Egyptian 
eclipse  of  1882  reached  this  country,  I  was  led  to  conclude  that  the 
coronal  light  as  seen  from  the  earth  was  strong  in  the  violet,  and 
probably  to  some  extent  also  in  the  ultra-violet  part  of  the  spectrum. 

Apart  from  the  question  of  the  greater  relative  intrinsic  intensity 
of  the  more  refrangible  region  of  the  coronal  light  as  a  whole,  or  of 
any  one  of  its  components  (its  gaseous  component  gave  bright  lines 
in  the  violet  region),  there  are  two  considerations  which  show  us  that 
the  coronal  light  should  be  strong  in  the  violet  as  compared  with  the 
air-glare  near  the  sun. 

The  selective  absorption  of  our  atmosphere  would  cause  the  light 
Rcattered  by  it  in  the  near  neighbourhood  of  the  sun  to  be  relatively 
poor  in  this  part  of  the  spectrum ;  but  there  is  a  second  cause  acting 
in  the  same  direction,  which  arises  from  the  selective  power  of  absorp- 
tion of  the  sun's  atmosphere. 

The  absorption  which  the  photospheric  light  sufPers  from  the  solar 
atmosphere  has  been  investigated  by  Professor  Langley,  Professor 
Pickering,  and  especially  with  great  minuteness  by  Professor  H.  C. 
Vogel.  Vogel  found  that  while  at  the  edge  of  the  sun's  disk  the  red 
light  was  reduced  to  30  per  cent,  of  its  value  at  the  centre  of  the  disk, 
the  violet  light  was  reduced  to  13  per  cent. 

Vogel  sums  up  by  saying  that  if  the  solar  atmosphere  were  removed, 
the  brightness  of  the  violet  part  of  the  sun's  light  would  be  increased 
about  three  times,  but  the  red  light  one  and  a-half  times  only.*  The 
selective  action  would  doubtless  be  more  strongly  marked  beyond 
the  visible  limit. 

The  rapid  increase  of  absorption  near  the  sun's  limb,  in  Vogel's 
observations,  indicates  a  low  and  dense  solar  atmosphere.  Professor 
Langley  agrees  in  this  view  of  the  sun's  atmosphere.  He  says,  ''  The 
portion  of  the  (sun's)  atmosphere  chiefly  concerned  in  absorption,  1 
have  been  led  to  believe,  fi*om  several  considerations,  is  extremely  thin, 
and  1  am  inclined  to  think  is  mainly  identical  with  the  reversing  layer 
at  the  base  of  the  chromosphere." 

Professor  Hastings  also  considers  the  ''  layer  which  produces  absorp- 

*  "  Spectralphotometriscbe  Untersucbungen.'*     *'  Monatsbericht  dcr  K.  Ak.  d.. 
WeiMenachaften."    Berlin,  M&rz,  1877.  Also  **  Ueber  die  Absorption  der  chemicale 
Sirahlen  in  der  Atmosph&re  der  Sonne,"  ibid.y  Jnl\,  1^12. 
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tion  to  be  very  thin,"  but  he  preferB  to  regard  this  lajer  as  oonsistiiig 
not  of  gas,  bnt  of  "a  thin  smoke-like  envelope  of  precipitated 
material."*  Professor  Pickering  assumes  the  existence  of  an  absorb- 
ing atmosphere  about  eqnal  in  height  to  the  snn's  radios,  but  we 
shall  see  further  on  that  there  are  reasons  which  make  this  supposition 
extremely  improbable. 

The  light  emitted  by  the  corona,  whether  by  the  incandescent 
particles  or  by  the  gas  mingled  with  them,  which  lies  outside  the  low 
region  of  absorption,  will  not  have  been  subjected  to  the  same  selectiye 
absorption  as  the  photospheric  light  which  is  emitted  below  this 
Tegion.  For  this  reason  the  light  emitted  by  the  corona  will  be  richer 
in  the  more  refrangible  rays  than  the  sun's  light  before  it  enters  our 
atmosphere,  and  will  be  in  a  still  larger  degpree  richer  in  these  rays 
than  the  solar  light  which  has  been  scattered  by  our  atmosphere  near 
the  sun.  These  considerations  led  me  to  hope  that  if  the  corona  were 
observed  by  this  kind  of  light  alone  it  would  be  at  some  advantage 
relatively  to  the  air-glare  which  comes  in  before  it.  It  was  of  import- 
ance at  the  same  time  to  magnify  the  small  advantage  the  coronal 
light  might  have  by  some  method  of  observation  which  could  bring 
out  strongly  minute  difPerences  of  illamination.  Such  a  power  is 
possessed  by  a  photographic  surface.  I  took  some  pains  to  satisfy 
myself  ''that  under  suitable  conditions  of  exposure  and  development 
a  photographic  plate  can  be  made  to  record  (strongly)  minute 
differences  of  illumination  existing  in  different  parts  of  a  bright 
object,  such  as  a  sheet  of  drawing  paper,  which  are  so  subtile  as  to  be 
at  the  very  limit  of  the  power  of  recognition  of  a  trained  eye,  and  as 
it  appeared  to  me,  those  which  surpass  that  limit."t 

•  "  Constitution  of  the  Sun,"  "  Amcr.  J.  of  Science,"  toI.  xxi,  p.  83. 

t  «  Proc.  Roy.  Soc,"  1882,  p.  411. 

Professor  Stokes  has  suggested  the  following  method  of  increasing  the  intensity 
of  that  part  of  the  coronal  light  which  is  polarised  relatively  to  the  glare  from  the 
sky.  He  says  in  a  letter,  which  he  permits  me  to  add  here : — '*  The  light  of  the 
corona  is  known  to  be  strongly  polarised,  while  the  atmospheric  glare  would  show 
no  sensible  polarisation.  Let  p  be  the  intensity  of  the  coronal  light  along  any 
radius  vector  which  is  polarised  radially,  and  q  the  intensity  polarised  tangentially, 
and  let  2a  be  the  intensity  of  the  glare.  Then,  without  polarising  the  light,  the 
intensity  of  the  coronal  light  relatively  to  the  glare  would  be  as  j9  +  g'  to  2a.  Suppose 
now  the  light  falling  on  the  plate  to  be  polarised,  say,  in  a  north  and  south  plane. 
Then  north  and  south  the  ratio  of  the  coronal  light  to  that  of  the  glare  would  be 
increased  to  |>  to  a,  while  in  cast  and  west  directions  it  would  be  reduced  to  9^  to  a. 
In  north-east  and  south-west  as  well  as  in  north-west  and  south-east  directions,  the 
ratio  would  be  the  same  as  without  polarisation.  If  in  four  successive  photographs 
the  plane  of  polarisation  were  set  to  north,  north-east,  east,  south-east,  we  should 
get  a  relative  increase  in  coronal  light,  in  one  or  other  of  the  photographs,  all  round 
the  sun.  It  would  be  least  in  north-north-east,  east-north-east,  &o.,  directions, 
where  it  would  be  p  C08"22i''  +  q  sin-  221''  to  a,  or  about  0'85|>  +  OI&9  to  a. 

"  The  most  convenient  way  of  polarising  would  probably  be  to  use  a  Nicol  of  some 
Mze  not  far  from  the  plate. " 
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In  my  early  experiments  1  made  use  of  coloured  glass,  or  a  cell 
containing  a  coloured  liquid,  for  the  purpose  of  isolating  the  violet 
part  of  the  spectrum,*  but  afterwards  I  obtained  the  desired  light- 
selection  in  the  film  itself  by  the  use  of  argentic  chloride,  which 
Captain  Abney  had  shown  to  be  most  strongly  sensitive  to  light  from 
%  to  a  little  beyond  H.f  Plates  prepared  with  argentic  chloride 
possess  a  further  advantage  for  this  work  in  consequence  of  the 
greater  steepness  of  their  gradations  of  density  corresponding  to 
differences  of  light-action  as  compared  with  argentic  bromide  plates. 

When  very  small  differences  of  illumination  only,  existing  close 
about  a  body  so  enormously  bright  as  the  sun,  haveto  be  photographed, 
the  most  minute  precautions  have  to  be  taken  to  avoid  false  effects 
upon  the  plate,  which  may  arise  from  several  causes..  Lenses  should 
not  be  used  to  form  the  sun's  imago  on  the  sensitive  surface,  in  con- 
sequence of  possible  false  light  about  the  image  which  may  come  from 
outstanding  aberrations,  though  they  have  been  corrected  for  photo- 
graphic work,  and  from  reflections  at  the  surfaces  of  the  lenses.  1 
therefore  employed  a  mirror  of  speculum  metal.  Other  necessary 
precautions  are  described  in  my  paper,  namely,  the  position  of  the 
shutter  very  near  the  focal  plane;  protecting  the  sensitive  surface 
from  the  sun's  direct  light  by  a  metal  disk  a  little  larger  than  the 
8un*8  image;  placing  before  the  apparatus  a  long  tube  fitted  with 
diaphragms  to  prevent  light  from  the  sky,  excepting  near  the  sun, 
from  entering  the  apparatus;  backing  the  plates  with  asphaltum 
varnish ;  and  some  others. | 

In  my  experiments  in  1882  I  used  a  Newtonian  telescope  by  Short, 
but  afterwards  a  fine  mirror  made  by  the  late  Mr.  Lassell,  which  was 
so  arranged  that  the  image  was  formed  directly  upon  the  plate  without 
reflection  from  a  second  mirror.  § 

About  twenty  plates  were  taken  in  1882,  in  all  of  which  an  appear- 
ance more  or  less  coronal  in  character  is  to  be  seen  about  the  sun's 
image.  After  a  very  critical  examination  of  these  plates,  in  which  I 
•was  greatly  helped  by  the  kind  assistance  of  Professor  Stokes  and  of 
Captain  Abney,  there  seemed  to  be  good  ground  to  hope  that  the 

•  "Proc.  Eoy.  Soc.,"  wl.  xixir,  pp.  411y412. 

t  "  Pro*.  Roy.  Soc."  vol.  miii,  p.  176. 

J  "  Proo.  Roy.  Soc.,"  toI.  xxxiv,  p.  409^  also  Report  Brifc.  Ass.,  1883,  p.  848.  See 
alio  the  photographic  experiments  of  Br;  Lohse,  *'  Yierteljarsschrif t  Ast.  Gesell./' 
Bd.  XT,  S.  184.  Dr.  Lohse  Bums  up  an  account  of  his  methods  and  results  thus : — 
'*  Es  gelang  aber  dieselben  (die  Schwierigkeiten)  zu  iiberwinden  und  Resultate  za 
eriialten  w«lche  zu  einer-  Fortsetznng  der — hier  freilich  selten  m5glichen  und  mit 
grOsserem  Yoitheil  in  mfiglichst  hoher  Lage  anzustellenden — Experimenten  ermu- 
thigen." 

§  "  I  am  indebted  to  Miss  Lassell  for  the  loan  of  a  7-foot  Newtonian  telescope  made 
by  the  late  Mr.  Lassell.  The  speculum,  which  is  7  inches  in  diameter^  posse  we* 
great  perfection  of  figure,  and  still  retains  its  original  fine  poUsh.    1  ^ecV^e^  xslqX.  Vq 

YOL.  XUiX  \ 
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coirona  bad  really  been  obtained  upon  tbe  plates.  On  one  plate 
especially  forms  resembling  closely  in  character  those  present  in  tbe 
photographs  of  the  eclipse  of  that  year  were  yisible. 

In  the  following  year,  1883,  working  with  the  Lassell  mirror,  I 
foand  that  when  the  sky  was  free  from  clouds,  but  whity  from  a 
strong  scattering  of  the  sun's  light,  the  sun's  image  in  the  photographa 
was  well  defined  upon  a  sensibly  uniform  surrounding  of  air-glare, 
but  without  any  such  sudden  increase  of  illumination  near  the  sun's 
limb,  or  other  indication  which  might  be  due  to  the  corona.  It  was 
only  when  the  sky  was  exceptionally  clear  that  coronal  appearances 
presented  themselves  with  more  or  less  distinctness. 

u«6  more  than  3|  inches  of  the  central  portion  of  the  specnlmn,  partly  for  the 
reason  that  a  larger  amount  of  light  would  be  diffloult  of  management,  and  partlj 
because  this  restriction  of  the  aperture  would  enable  me  to  adopt  the  arrangement 
which  is  shown  in  the  diagram. 


*'  It  will  be  seen  at  once  from  an  inspection  of  the  diagram  that  in  this  arrange- 
ment the  disadyantage  of  a  second  reflection  by  the  small  mirror  is  avoided,  as  is 
also  the  mechanical  inconTonience  of  tilting  the  speculum  within  the  tube  as  in 
the  ordinary  form  of  the  Herschelian  telescope.  Tlie  speculum  h  remains  in  its 
place  at  the  end  of  the  tube  a,  d.  The  small  plane  speculum  and  the  arm  carrying 
it  were  remoTod.  The  open  end  of  the  tube  is  fitted  with  a  mahogany  cover.  lu 
tliis  cover  at  one  side  is  a  circular  hole,/,  3^  inches  in  diameter,  for  the  light  to  enter ; 
below  is  a  similar  hole,  over  which  is  fitted  a  framework  to  receive  the  '  backs  '  con- 
taining the  photographic  plates,  and  also  to  receive  a  frame  with  fine  groimd  glass, 
for  putting  the  apparatus  into  position.  Immediately  below,  towards  the  speculum, 
is  fixed  a  shutter,  with  an  opening  of  adjustable  width,  which  can  be  made  to  pass 
across  more  or  less  rapidly  by  the  use  of  india-rubber  bands  of  different  degrees  of 
strength.  In  front  of  the  opening  /  is  fixed  a  tube,  c,  6  feet  long,  fitted  with 
diaphragms,  to  restrict  as  far  as  possible  the  light  which  enters  the  telescope  to  that 
which  comes  from  the  sun  and  the  sky  immediately  around  it.  The  telescope-tube, 
a  a,  is  also  fitted  witli  diaphragms,  which  are  not  shown  in  the  diagram,  to  keep  from 
the  plate  all  light  except  that  coming  directly  from  the  speculum.  It  is  obvious 
that,  when  the  sun's  light  entering  the  tube  at  /  falls  upon  the  central  port  of  the 
si>ceulum,  the  image  of  the  sun  will  bo  formed  in  the  middle  of  the  second  opening  at 
d,  about  2  inches  from  the  position  it  would  take  if  the  tube  were  directed  axially  to 
tlie  sun.  The  exquisite  definition  of  the  photographic  images  of  the  sun  shows,  as 
was  to  be  expected,  that  this  small  deviation  from  the  axial  direction,  2  inches  in 
7  feet,  does  not  affect  sensibly  the  perfoniiance  of  the  mirror.  The  whole  apparatus 
is  firmly  strapped  on  to  the  refractor  of  the  equatorial,  and  carried  with  it  by  the 
eJoc'l'  motion, " — Report  B.  Aaa.  Advanc.  Science,  1883  p.  34i6. 
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The  total  solar  eclipse  of  May  6,  1883,  furnished  an  opportunity  of 
comparing  the  photographs  taken  with  an  eclipsed  sun  with  those 
taken  in  this  country  without  an  eclipse.  On  the  day  of  the  eclipse 
the  weather  was  bad  here,  but  plates  taken  before  and  after  the 
eclipee  were  placed  in  the  hands  of  Mr.  Wesley,  who  had  had  much 
experience  in  making  drawings  from  photographs  taken  during  former 
eclipses.  Mr.  Wesley  drew  from  these  plates  before  any  information 
reached  this  country  of  the  results  obtained  at  Caroline  Island ;  he 
was,  therefore,  wholly  without  bias  in  the  drawings  which  he  made 
from  them.  When  these  drawings  were  compared  afterwards  with 
the  Caroline  Island  plates,  the  general  resemblance  of  the  corona  was 
strong,  and  the  iden  tity  of  the  object  photographed  in  England  and 
at  Caroline  Island  seemed  placed  beyond  doubt  by  a  remarkably 
formed  rift  on  the  east  of  the  north  pole  of  the  sun,  which  is  seen 
▼ery  nearly  in  the  same  position  in  the  English  plates  and  in  those 
taken  during  the  eclipse.  This  rift,  slightly  modified  in  form,  was 
found  to  be  present  in  a  plate  taken  about  a  solar  rotation- period 
before  the  eclipse,  and  also  on  a  plate  taken  about  the  same  time  after 
the  eclipse.* 

In  1884,  a  grant  from  the  fund  placed  annually  by  the  Goyernment 
at  the  disposal  of  the  Royal  Society  was  put  into  the  hands  of  a 
committee  appointed  by  the  Council  of  the  Royal  Society  for  the  pur- 
pose of  photographing  the  corona  at  a  place  of  considerable  elevation. 
The  Committee  selected  the  Riffel,  near  Zermatt,  which  has  an  eleva- 
tion of  8,500  feet,  and  appointed  as  photographer  Mr.  Ray  Woods, 
who,  as  assistant  to  Professor  Schuster,  had  photographed  the  corona 
during  the  eclipse  of  1882,  and  who  in  conjunction  with  Mr.  Lawrance 
had  photographed  the  eclipse  of  the  following  year  at  Caroline 
Island. 

Unfortunately  during  this  year  a  very  large  amount  of  scattered 
light  was  always  present  about  the  sun,  arising,  it  would  seem,  from 

*  Beport  B.  Abb.  Adyanc.  Science,  1883,  p.  348,  and  Plates  XI  and  XIa. 

It  seeniB  desirable  to  put  on  record  here  a  letter  written  by  Mr.  Lawrance  to 
Professor  Stokes,  dated  September  14, 1883 : — '*  Dr.  Huggins  called  upon  Mr.  Woods 
this  morning  and  showed  us  the  drawings  Mr.  Weslej  has  made  of  his  coronas.  He 
told  ju  that  he  partioularlj  did  not  wish  to  see  our  negatives,  but  that  he  would  like 
us  to  compare  lus  results  with  ours.  We  did  so,  and  found  that  some  of  the  strongly 
marked  details  could  be  made  out  on  his  drawings,  a  rift  near  the  north  pole  being 
especially  noticeable  ;  this  was  in  a  photograph  taken  on  April  3,  in  which  the  detail 
of  the  northern  hemisphere  is  best  shown,  while  the  detail  of  our  southern  hemi- 
sphere most  resembles  the  photograph  taken  on  June  6 ;  in  fact,  our  negatires  seem 
to  hold  an  intermediate  position.  Afterwards  I  went  with  Dr.  Huggins  and 
Mr.  Woods  to  Burlington  House  to  see  the  negatiTes.  The  outline  and  distribution 
of  light  in  the  inner  corona  of  April  3  is  yerj  similar  to  that  on  our  plate  which 
had  the  shortest  exposure ;  the  outer  corona  is,  however,  1  think,  hidden  bj  atmo- 
spheric  glare.  As  a  result  of  the  comparison  1  should  eay  tib&Vi  ^i.  li.\x\t^^%^ 
coronas  are  certainly  genuine  aa  far  as  S'  from  the  limb.** 
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finelj-diyided  matter  of  some  sort  in  tbe  liiglier  regions  of  the  air. 
Mr.  Woods  observed  from  tbe  BifEel  tbat  when  no  visible  cloud  or 
mist  was  present,  there  came  into  view  a  great  aureole  around  the  sun, 
about  44°  in  diameter,  of  a  faint  red  colour  at  the  outside  and  passing 
into  bluish-white  near  the  sun.  This  was  olearlj  a  diffraction  pheno- 
menon showing  the  presence  of  minute  particles  of  matter  of  some 
sort  in  the  higher  regions  of  our  atmosphere. 

The  abnormallj  large  amount  of  air-glare  from  this  cause — even  on 
tbe  finest  days — prevented  any  success  in  photographing  the  corona  in 
this  country,  and  went  &r  to  counteract  the  advantoges  of  being 
above  the  denser  strata  of  air  which  Mr.  Woods  would  have  gained  on 
the  Riffel  under  ordinary  circumstances. 

Mr.  Woods  sums  up  his  resalts  in  the  following  words : — **  Results 
on  the  same  day  are  almost,  if  not  quite,  alike  both  with  the  disk  and 
without.  The  corona  varies  more  or  less  from  day  to  day.  The 
dearer  the  day  the  better  the  results."* 

During  the  last  two  years  the  sky  in  this  country  has  been  too 
bright  from  scattered  light  to  make  it  possible  to  obtain  successful 
photographs  of  the  corona.f 

We  have  now  to  discuss  the  probable  nature  of  the  corona.  J 
Tbe  drawings,  but  especially  the  photographs,  of  the  solar  eclipses 
of  the  last  twenty-five  years  show  that  notwithstanding  great  changes 
in  form  and  in  brightness,  the  corona  is  permanent  in  its  more  funda- 
mental characters.  The  observed  changes  in  form,  in  brightness,  and 
in  relative  extension,  are  obviously  due  to  secondary  modifications  of 
the  conditions  to  which  the  corona  owes  its  existence. 

The  circular  form  which  was  ascribed  to  the  corona  in  the  older 
observations  can  scarcely  be  regarded — even  in  the  roughest  sense  of 
the  word — as  correct.  On  the  contrary,  the  apparent  form  of  the  corona 
is  always  very  irregular,  in  consequence  of  the  greater  extension  and  the 
greater  relative  brightness  of  certain  parts.     Upon  the  whole,  there  is 

•  "The  Observatory,"  December,  1884,  p.  378. 

t  It  may  not  be  unnecessary  to  state  that  what  the  photographer  has  to  seice 
upon  on  his  plates  is  the  small  excess  of  photographic  power  of  the  air-glare  in- 
creased by  the  coronal  light  from  behind  over  that  of  the  air-glare  alone.  For  this 
purpose  the  greatest  care  is  necessary  to  select  the  most  suitable  time  of  exposure, 
and  to  arrest  the  slow  development  of  the  plate  at  the  proper  moment.  Unless  the 
attempt  is  made  at  a  high  elevation,  the  impression  upon  the  plate  must  be  a  very 
slight  one,  and  the  developed  image  can  only  be  seen  under  favourable  conditions  of 
illumination.  Q-reat  care  must  be  taken  that  all  instrumental  effects  have  been 
carefully  eliminated.  A  convenient  way  of  distinguishing  effects  upon  the  plate 
which  are  due  to  the  instrument,  is  to  take  pictures  with  the  instrument  alternately 
on  the  west  and  on  the  east  side  of  the  meridian. 

X  The  principal  points  of  the  discussion  of  the  nature  of  the  corona  which  follows 
were  suggested  in  a  discourse  given  at  the  Royal  Institution,  February  22, 1885, 
ontitled  "On  the  Solar  Corona,** 
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an  observed  tendency  of  the  brighter  parts  of  the  corona  to  assume  a 
square  form  in  consequence  of  the  greater  extension  of  the  coronal 
matter  at  the  latitudes  between  the  poles  and  the  equator  of  the  sun — 
that  is,  over  the  zones  of  maximum  spot-action.  The  corona  is  fre- 
quently less  extended  over  the  poles  and  over  the  equatorial  regions  of 
the  sun. 

A  noticeable  exception  to  this  state  of  things  occuiTcd  in  1878, 
when  the  most  remarkable  features  of  the  corona  were  two  extended 
equatorial  rays  which  could  be  traced  to  a  distance  of  several  solar 
diameters.  We  shall  have  to  consider,  further  on,  some  circumstances 
which  may  have  had  a  large  influence  in  bringing  about  this  state  of 
the  corona. 

In  addition  to  these  large  changes  in  the  externa]  form  of  the  corona, 
there  is  a  complex  structure  within  it  which  appears  to  be  in  con- 
tinual change.  This  inner  structure  was  observed  by  Professor  S.  P. 
Langley  in  1878,  under  very  favourable  conditions,  with  a  telescope  of 
5  inches  aperture  and  a  power  of  50. 

He  sums  up  his  observations  in  the  fgllowing  woi*ds : — • 

1.  Extraordinary  sharpness  of  filamentary  structure. 

2.  Arrangement  not  radial,  or  only  so  in  the  rudest  sense. 

3.  Generally  curved,  not  straight  lines. 

4.  Curved  in  different  directions. 

5.  Very  bright  close  to  the  edge,  fading  out  rapidly,  fading  out 
wholly  (this  part  of  corona)  at  6'  to  10'  from  it. 

In  addition  to  this  more  minute  structure,  there  are  large  bright 
portions,  apparently  streaming  outwards,  and  often  leaving  between 
them  less  bright  spaces,  which  have  the  appearance  of  rifts.  Thei  e 
are  also  curved  forms  which  seem  to  turn  round  and  to  return  to  the 
sun. 

We  must  not  forget  that  the  corona  has  thickness  as  well  as  exten- 
sion, and  that  the  forms  seen  by  us  must  appear  more  or  less  modified 
by  projection.  Rays  inclined  towards  or  from  the  observer  would  be 
materially  altered  in  respect  of  their  apparent  position  on  the  sun,  and 
long  rays  in  the  nearer  or  more  distant  part  of  the  corona  would  appear 
to  start  from  parts  of  the  sun  other  than  those  to  which  they  really 
belong.  For  the  same  reason  the  increase  of  intrinsic  brightness  of  the 
corona  towards  the  sun  s  limb  must  be  much  less  than  the  increase  of 
brightness  as  seen  by  us,  of  which  no  inconsiderable  part  must  be  due 
to  the  greater  extent  of  the  corona  in  the  line  of  sight  as  the  sun  is 
approached.  Besides  the  real  changes  in  the  corona  which  have  been 
observed  at  different  eclipses,  there  are  several  sources  of  apparent 
change  which  may  have  modified  the  photographs  taken  of  the  corona. 
Of  these  may  be  mentioned — the  state  of  the  air  at  the  time ;  the  kind 
of   sensitive  surface  employed ;    the  length  of  exposure ;    whether 

•  Beport  T.  S.  Edipae,  1878,  Washington,  p.  20d. 
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the  image  haB  been  formed  bj  a  lens  which  shortens  and  enfeebles 
the  nltra-violet  part  of  the  light,  or  by  a  mirror  which  famishes  an 
image  more  traly  representing  the  corona  in  the  nature  of  the  light 
existing  in  it.  The  difficulties  which  seemed  to  lie  in  the  waj  of  a 
satisfactorj  explanation  of  the  forms  and  of  the  enormous  extent  of 
the  corona,  caused  some  doubts  to  be  entertained  as  to  the  corona 
being  a  true  solar  appendage,  and  various  views  were  formerly  put 
forward  to  endeavour  to  explain  the  corona  as  an  optical  appearance 
only,  arising  from  our  atmosphere,  from  a  lunar  atmosphere,  or  from 
cosmical  dust.  Mr.  De  la  Bue,  in  his  address  before  Section  A  of  the 
British  Association  in  1872,  says  truly,  "  The  great  problem  of  the 
solar  origin  of  that  portion  of  the  corona  which  extends  more  than  a 
million  of  miles  beyond  the  body  of  the  sun,  has  been,  by  the  photo- 
graphic observations  of  Colonel  Tennant  and  Lord  Lindsay  in  1871, 
finally  set  at  i*est,  after  having  been  the  subject  of  a  great  amount  of 
discussion  for  many  years."* 

These  earlier  views  are  too  completely  a  part  of  the  history  of  the 
subject  to  need  mention  here,  but  for  the  circumstance  that  Professor 
Hastings  has  recently  revived  the  theory  of  Delisle,  that  the  corona  is 
an  optical  appearance  due  to  diffraction. 

Pixjfessor  Hastings  bases  his  theory  upon  the  behaviour  of  the 
briglit  line,  1474,  which  he  saw,  in  his  spectroscope,  change  in  length 
east  and  west  of  the  sun  during  the  progress  of  the  eclipse  at  Caro- 
line Island  in  1883.  He  assumes,  in  his  explanation  of  this  observa- 
tion, that  FresneFs  theory  of  diffraction  may  not  apply  in  the  case  of 
a  solar  eclipse,  and  he  suggests  that  at  different  moments  the  phases 
of  the  light  waves  may  change  so  that  they  no  longer  form  a  con- 
tinuous periodic  series,  and  that  it  is  possible,  at  such  great  distances, 
that  the  interior  of  the  shadow  may  not  be  entirely  dark,  and  that 
sufficient  light  may  come  inside  to  give  to  an  observer  on  the  earth 
the  appearance  of  a  bright  aureole  around  the  moon.f 

Professor  Hastings  considers  the  simpler  explanation  of  his  obser- 
vation which  has  been  suggested,  that  the  change  in  length  of  the 
line  which  he  observed  might  be  due  to  a  scattering  by  our  air  of  the 
light  from  the  brighter  part  of  the  corona,  and,  therefore,  might  not 
indicate  any  change  in  the  corona  itself  during  the  progress  of  the 
eclipse,  to  be  untenable,  on  the  ground  that  the  air3was2too  clear,  and 
"diffusion  absolutely  insensible."  He  supports  this  strong  state- 
ment by  saying  that  the  photographs  taken  by  the  English  and  by  the 
French  observers  showed  a  sensibly  black  moon,  and  that  "  in  the 
photograph  of  the  coronal  lines,  H  and  K,  taken  by  the  English 
observers  these  lines  ended  abruptly  at  the  moon's  edge.'*^ 

•  Report  B.  A.  Adyano.  Science,  1872,  p.  6. 

t  Report  of  Expedition  to  Caroline  Island,  1883,  Washington,  p.  105. 
/  Idem,  p.  107. 
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Captain  Abnej,  F.R.S.,  who  has  the  photographs  taken  at  Caroline 
Island  under  examination,  informs  me  that : — 

"  The  diffusion  during  that  eclipse  was  not  insensible,  as  the  lines 
H  and  K  are  distinctly  visible  across  the  black  moon  as  dark  lines. 
It  is  true  that  H  and  K,  as  bright  lines,  do  stop  at  the  moon's  limb, 
but  these  lines  are  not  coronal  lines,  as  they  belong  to  the  pro- 
minences. In  the  Egyptian  eclipse — ^which  was  a  very  short  one — 
the  prominences  were  far  over  the  moon's  limb,  and  the  diffusion 
due  to  the  atmosphere  was  such  that  the  lines  H  and  K  were  shown  as 
bright  lines  over  the  moon.  In  the  Caroline  Island  eclipse  the  pro- 
minences were  much  less  marked  and  more  hidden  during  the  eclipse 
than  was  the  case  in  Egypt,  and  it  appears  that  the  diffusion  by  the 
air  must  have  been  mnch  greater  in  the  former  (Caroline  Island) 
than  in  the  latter,  since  it  is  the  light  from  the  hidden  sun  which  was 
evidently  reflected  and  re-reflected.  On  one  side  of  the  moon's  limb 
H  and  K  are  seen  reversed,  whilst  on  the  other  they  are  reversed 
beyond  the  bright  lines. 

*'  In  both  cases  the  reversals  are  rather  faint,  but  as  strong  as  the 
reversal  which  was  seen  on  the  corona  spectrum  at  the  Egyptian 
eclipse.  In  my  opinion,  in  the  photographs  of  the  corona  with  the 
longest  exposure  (I  am  not  now  speaking  of  spectrum  photographs) 
the  moon  is  not  shown  as  perfectly  black,  but  I  should  not  like  to 
found  any  theory  very  definite  as  to  this,  as  it  might  be  due  to 
over-development,  but  I  think  not.*' 

It  should  be  mentioned  that  during  the  time  that  Professor  Hastings 
observed  the  change  in  length  of  the  line  1474,  photographs  of  the 
corona  were  taken  by  M.  Janssen,  and  by  Messrs.  Lawrance  and 
Woods.  M.  Janssen  says  :  *'  Les  formes  de  la  couronne  out  et^  abso- 
loment  Axes  pendant  toute  la  duree  de  la  totality."*  The  photographs 
taken  by  Messrs.  Lawrance  and  Woods  show  that  the  corona  suflered 
no  such  alterations  in  width  and  form  as  would  be  required  by  Pro- 
fessor Hastings'  theory,  during  the  passage  of  the  moon  across  the  sun. 

For  other  points  raised  by  Professor  Hastings,  and  for  his  discussion 
of  former  spectrum  observations  of  the  corona,  I  must  refer  to  his 

memoir.t 

The  evidence  in  favour  of  the  corona  being  a  true  solar  appendage 
appears  to  me  to  be  of  overwhelming  weight.  It  seems  difficult  on 
any  other  hypothesis  to  explain  satisfactorily — (1)  the  observed  and 
the  photographed  spectra  of  different  parts  of  the  corona;  (2)  the 
visibility  of  the  planets  Venus  and  Mercury  as  dark  bodies  when  near 
the  sun ;  (3)  the  fllamentons,  and  especially  the  peculiar  curved 
structures  seen  in  photographs  of  the  corona ;  (4)  the  close  agreement 
of  photographs  taken  at    different  times    during   an  eclipse,    and 

•  "  Annuaipe  pour  I'An  1884,"  p.  859. 
t  Vide  ante. 
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•especially  between  pbotograpbs  taken  during  tbe  same  eolipse  at 
places  manj  hundreds  of  miles  apart. 

At  the  same  time  a  yerj  sinall  part  of  the  light  which  ia  seen 
about  the  eclipsed  sun  most  be  due  to  diffusion  bj  our  atmo* 
sphere  of  the  coronal  light  itself,  espedallj  of  the  yerj  bright  part 
near  the  sun's  limb ;  and  we  hafve  an  indication  of  the  amount  of  this 
diffused  light  from  the  apparent  illumination  of  the  dark  moon, 
where  the  effects  of  diffusion  will  be  most  strongly  present.  During 
-some  eclipses  the  part  of  the  sky  where  the  son  and  moon  are  may 
be  faintly  illuminated  by  light  reflected  from  those  regions  of  the 
^atmosphere  near  the  horizon  which  are  still  in  direct  sunlight. 

It  may  be  well  to  mention  the  principal  hypotheses  which  haye 
been  suggested  in  explanation  of  the  corona. 

1.  That  the  corona  consists  of  a  gaseous  atmosphere  resting  upon 
tiie  sun's  surface  and  carried  round  with  it. 

2.  That  the  corona  is  made  -up  wholly  or  in  part  of  gasiBOUB  and 
finely  divided  matter  which  has  been  ejected  £rom  the  sun,  or  received 
by  it,  and  which  is  in  motion  about  the  sun  from  the  forces  of  ejection, 
of  the  sun's  rotation,  and  of  gravity,  and  possibly  of  a  repulsion  of 
some  kind. 

3.  That^the  corona  Tesembles  the  ring  of  Saturn,  and  consists  of 
swarms  of  meteoric  particles  revolving  with  sufficient  velocity  to  pre- 
vent their  falling  into  the  sun. 

4.  That  the  corona  is  the  appearance  presented  to  us  by  the  un- 
ceasing falling  infco  the  sun  of  meteoric  matter  and  of  the  debris  of  the 
tails  of  comets. 

5.  That  the  coronal  rays  and  str^mers  are,  at  least  in  part, 
meteoric  streams  strongly  illuminated  by  their  near  approach  to  the 
sun,  neither  revolving  about  nor  falling  into  the  sun,  but  permanent 
in  position  and  varying  only  in  richness  of  meteoric  matter,  which 
arc  parts  of  eccentric  comet  orbits.  This  view  has  been  supported  on 
the  ground  that  there  must  be  such  streams  crowding  richly  together 
in  the  sun's  neighbourhood. 

6.  The  view  of  the  corona  suggested  by  Sir  William  Siemens  in 
his  solar  theory.* 

The  sun  must  be  surrounded  by  a  true  gaseous  atmosphere  of 
relatively  limited  extent,  but  there  are  several  considerations  which 
forbid  us  to  think  of  a  solar  atmosphere,  in  the  proper  sense  of  the 
term,  that  is  of  a  continuous  mass  of  gas  held  up  by  its  own  elasti- 

*  Since  this  lecture  was  road  my  attention  has  been  called  to  the  papen  bj  Pro« 
fessor  O.  Reynolds,  **  On  the  Tails  of  Comets,  the  Solar  Corona,  and  th^  Auroim 
considered  as  Electric  Phenomena,"  and  "On  an  Electrical  Corona  fetembUug  the 
Solar  Corona,"  in  yoL  y,  3rd  Sor.,  '*Lit.  and  Phil.  Soc.,"  ManQhe•te;[^  p^.  4b4r-SiQ,ax^ 
pp.  202-209.  Professor  Keynolds  considers  the  solar  coroni^  ta  be  a  apeoies  of  that 
action  known  as  the  electric  brush,  and  to  be  well  repre•e^t^  by  (JU9Qb^uu[  elec<» 
trJcitjfrom  a  brut  ball  in  a  partially  exhausted  reoeiT9r\ 
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• 

dtjf  wliich  rises  to  a  height  sufficient  to  afford  an  explanation  of  the 
corona  which  streams  se7eral  hundred  thousand  miles  above  the 
photosphere. 

Gravitation  on  the  sun  is  about  twenty-seven  times  as  fi^at  as  on 
the  earth,  and  an  atmosphere  extending  to  a  moderate  coronal  height, 
even  if  it  consisted  of  a  gas  thousands  of  times  lighter  than  hydrogen, 
woold  have  more  than  metallic  density  at  the  sun's  surface,  a  state  of 
things  which  spectroscopic  and  other  observations  show  cannot  be  the 


There  is  another  consideration  from  the  rapid  increase  of  density 
which  worild  tali:e  place  sunwards  in  such  an  atmosphere.  Each 
stratum  woii)ld  be  compressed  by  the  weight  of  all  the  strata  above  it, 
and  therefore  in  descending  by  equal  steps  the  density  of  the  atmo- 
sphere would  increase  in  geometrical  ratio.  Professor  Newcomb  gives 
as  an  example  an  atmosphere  of  hydrogen ;  such  a  gas,  though  hearbed 
to  as  high  a  temperature  as  is  likely  to  exist  at  a  height  of  a  hundred 
thousand  miles  above  the  sun,  would  double  its  density  every  five  or 
ten  miles.*  There  is  no  approach  to  so  regular  and  so  rapid  an  in- 
crease of  density  to  be  observed  in  the  corona. 

Another  circumstance  which  puts  a  continuous  gaseous  atmosphere 
out  of  question  is  the  fact  that  comets  have  passed  unscathed  through 
the  coronal  regions.  Shooting  stars  passing  with  ihe  relatively  small 
velocity  of  thirty  or  forty  miles  per  second  through  our  atmosphere, 
rarefied  as  it  is,  at  the  height  of  fifty  or  sixty  miles,  are  instantly  burnt 
up.  Resistance  and  heat  increase  as  the  square  [or  more  probably  for 
such  high  velocities  as  the  cubef]  of  the  velocity,  yet  the  nucleus  of  a 
oomet  has  passed  through  several  hundred  thousand  miles  of  coronal 
matter  with  a  velocity  of  -300  miles  per  second  without  suffering  any 
sensible  loss  of  velocity.  These  considerations  are  amply  sufficient  to 
show  that  the  theory  of  a  solar  atmosphere  of  gas  of  the  extent  of  the 
corona  held  up  by  its  own  elasticity  cannot  be  entertcuned. 

As  we  have  reason  te  believe  that  the  corona  is  an  objective  reality 
about  the  sun,  matter  of  some  sort  must  exist  wherever  the  corona 
is  seen  to  extend.  The  questions  before  us  are — (1.)  In  what  form 
does  the  matter  exist  ?  (2.)  Whence  does  it  come  ?  (3.)  What  are 
the  dynamical  conditions  under  which  it  can  exist  at  such  great 
heights  above  the  sun? 

(1.)  On  the  first  of  these  questions  as  to  the  condition  of  the 
matter,  the  spectroscope  has  given  us  definite  information. 

The  spectrum  'Of  the  corona  is  compound,  and  eonsists  of  three 
superposed  spectra. 

(a.)  A  bright  continuous  spectrum,  which  informs  us  th&t  it  comes 
from  incandescent  solid  or  liqmd  mat^r. 

•  "  Popttlar  Astronomy,"  p.  269.  t  See  Bashforth,  "  Phil.  Tpana ,"  voL  158^ 

p.  417. 
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(5.)  A  solar  spectram,  vldcli  shows  that  the  inoandesoent  solid  or 
L'qaid  matter  of  the  corona  reflects  to  ns  light  from  the  photosphere. 

(c.)  A  spectmm  of  bright  lines,  which  is  relatively  ftiint  and  varies 
greatlj  at  diCFerent  eclipses.  We  shall  consider  this  speotram  more 
particnlarlj  further  on ;  it  is  sufficient  at  this  part  of  the  argument 
that  we  speak  of  this  spectmm  so  far  onlj  as  it  tells  us  of  gaseous 
matter  which  accompanies  the  solid  or  liquid  matter. 

It  is  scarcely  necessary  to  say  that  solid  or  liquid  xqatter  can  exist 
in  the  corona  only  in  the  form  of  discrete  partides  of  extreme 
minuteness. 

The  corona  must,  therefore,  consist  of  a  fog,  in  which  the  particles 
are  incandescent,  and  in  which  the  gaseous  matter  does  not  form  a 
continuous  atmosphere.  Some  of  the  oonsiderations  we  have  already 
had  before  us,  make  it  evident  that  this  coronal  fog,  except  very  near 
the  sun,  must  be  of  a  deg^ree  of  tenuity  surpassing  any  experience  we 
possess  from  terrestrial  experiments.  In  order  to  give  some  definite- 
ness  to  our  conceptions,  let  us  suppose  a  single  minute  liquid  or  solid 
particle  in  each  cubic  mile.  A  fog  even  so  extremely  attenuated,  or 
even  much  more  so,  would  probably  be  fully  sufficient  to  give  rise  to 
the  corona,  under  the  enormous  radiation  to  which  it  is  subjected. 

(2.)  The  next  question  we  have  to  consider  is  whether  the  matter 
of  the  corona  is  of  solar  origin,  or  whether  it  comes  upon  the  sun 
from  without. 

Two  external  sources  of  the  coronal  matter  have  been  suggested, 
and  are  widely  held,  namely : — (a)  meteroids,  and  (6)  the  lost  matter 
of  the  tails  of  comets. 

(a.)  The  solar  system  is  crowded  with  meteoroids  revolving  in  all 
kinds  of  erratic  orbits,  and  we  know  that  the  earth  encounters  many 
thousands  of  them  every  hour,  but  the  sun  is  in  a  different  position 
with  regard  to  such  of  these  bodies  as  belong  to  our  system.  In 
order  to  fall  into  the  sun,  the  planetary  meteoroids  would  have  to  be 
thrown  into  it,  through  some  disturbance  of  their  orbits,  produced  by 
planetary  attraction,  or  by  collision  with  other  streams,  unless  we 
admit  a  slow  retardation  of  velocity  produced  by  a  resisting 
medium. 

There  may  bo  meteoroids  which  fall  directly  into  the  sun  from 
space.  Mr.  Denning's  recent  observations  seem  to  show  that  the 
solar  system  encounters  meteor  streams  which  may  be  moving  with 
great  velocity  through  space.* 

Many  of  these  bodies  may  fall  into  the  sun,  but  we  have  no  know- 
ledge of  conditions  which  would  ensure  so  steady  an  inflow  of 
meteoroids  as  would  be  needed  to  maintain  the  observed  extent  of 
the  corona  in  a  state  of  permanence  about  the  sun. 

(h,)  The  other  suggestion  which  has  been  made  regards  the  corona 

#  *' Month,  Not.  B.  A«t.  S.,"  toI.  xIy,  p.  93.   See  also  subsequent  papers. 
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as  fed  by  the  lost  matter  of  the  tails  of  comets.  We  mnst  remember 
that  the  matter  which  comes  from  the  nncleus  of  a  comet,  and  forms 
its  tail,  and  is  then  lost,  has  been  shown  by  the  speciroscope  to  con- 
gist  in  nearly  all  comet<s,  of  carbon,  hydrof^en,  nitrogen,  and  possibly 
oxygen.*  If  this  matter  is  condensed  into  the  discrete  particles 
which  form  the  tail,  in  the  same  conditions  of  chemical  combination 
as  it  existed  originally  in  the  nucleus,  we  should  expect  these  particles 
to  be  again  vaporised  in  their  near  approach  to  the  sun ;  and  under 
these  conditions  we  should  expect  to  find  the  corona  to  be  mainly 
gaseous,  and  to  give  a  spectrum  similar  to  that  which  is  produced  by 
the  emitted  light  of  comets.  We  know  that  such  is  not  the  case ; 
there  is,  however,  a  single  observation  by  Tacchini  at  Caroline  Island, 
in  which  in  one  part  of  the  corona  he  suspected  two  of  the  bands  which 
are  present  in  the  ordinary  cometary  spectrum.  His  words  are : — 
"  Dans  le  spectre  du  grand  panache,  qui  ^tait  faible  et  presque  con- 
tinu,  et  que  Ton  voyait  seulement  k  fente  large,  j*ai  observ6  deux 
handes  qui  m'ont  semble  etre  analogues  k  celles  que  j*ai  observ6es 
dans  les  spectres  de  cometes,  c'est-sl-dire,  la  centrale  et  la  moins 
refrangible,  "t  The  terms  in  which  this  unique  observation  is  given 
show  that  the  lines,  even  if  truly  present,  were  faint  and  exceptional, 
and  cannot  be  regarded  as  characteristic  of  the  coronal  light. 

It  jn&j  indeed  be  sugge43ted  that  the  cometary  matter  suffers  decom- 
position at  the  time  when  it  becomes  luminous  near  the  nucleus,  and 
that  carbon  may  be  separated  in  a  finely  divided  state,  and  go  to 
form  part  of  the  lost  matter  of  the  tail.  In  the  case  of  comets  which 
have  more  than  one  tail,  or  exhibit  rays  driven  off  with  a  curvature 
different  from  that  of  the  principal  tail,  there  is  good  reason  to 
believe,  as  Bredichin  has  endeavoured  to  show,^  that  each  tail  or 
caudal  ray  consists  of  matter  different  in  density,  which  has  been 
separated  by  a  force  of  repulsion  varying  as  the  surface.  It  would 
appear  doubtful,  even  on  this  view,  if  the  supply  of  comets'  tails  is 
sufficiently  regular  in  amount  to  maintain  a  permanent  corona  about 
the  san. 

It  seems  to  me  to  be  much  more  probable  that  the  corona  is  fed 
from  the  sun  itself.  This  view  is  supported  by  the  spectroscopic 
evidence,  for  the  coronal  gas  is  shown  to  consist  of  substances  which 
exist  also  in  the  photosphere.  The  structure  seen  in  the  corona  is 
much  more  in  harmony  with  the  view  that  the  matter  is  going  up 
£rom  the  sun,  than  that  it  is  coming  down  upon  the  sun. 

An  examination  of  the  photographs  taken  at  eclipses,  or  of  Mr. 
Wesley's  admirable  drawings  from  them,  can  scarcely  fail  to  lead  an 
unbiased  student  to  the  same  conclusion  as  that  which  was  forced 

•  "  PhiL  Trans.,"  1868,  p.  559,  and  **  Pioc.  Boy.  Soc.,"  vol.  xxiiii,  p.  1. 

t  "  Annuaire  pour  I'An  1884,'*  p.  862. 

}  '<  Annales  de  rObeerratoire  de  Mosoou,"  and  "  Astron.  TSachx.,^^  "^o.^AfSIU 


124  Dr.  W.  Hnggina 

npon  Mr.  Lewis  Swift  wlien  he  obsenred  the  ooronA  o(  1878 :-— ''  I 
was  irresistiblj  led  to  the  conclaBion  that  the  oerona,  whatever  may 
be  its  natnre,  is  not  a  solar  atmosphere,  nor  an  inflow  of  meteoric 
matter,  as  many  suppose,  but  rather  an  outflow  of  Bomething/** 
These  considerations  appear  to  me  to  be  of  great  weight  in  support  of 
the  view,  that  though  some  meteoroid  and  some  oometary  matter  may 
fall  into  the  sun,  the  corona  consists  essentially  of  matter  coming 
from  the  sun. 

(3.)  We  haye  now  to  consider  under  what  dynamical  conditions 
matter  coming  from  the  sun  can  take  <m  f onns  such  as  those  we  see 
in  the  corona,  and  can  pass  away  to  such  enormous  distanoes,  in 
opposition  to  graTitation,  which  is  so  powerful  at  the  sun. 

There  is  another  celestial  phenomenon,  very  unlike  the  corona  at 
first  sight,  which  may  furnish  us  with  a  due  to  the  true  answer  to 
this  question.  The  head  of  a  large  comet  presents  us  with  luminous 
streamers  and  rifts  and  curved  rays,  which  are  not  very  unUke  on  a 
small  scale  some  of  the  appearances  which  are  always  present  in  and 
are  peculiar  to  the  corona.  We  do  not  knew  for  certain  the  con- 
ditions under  which  these  cometary  phenomena  take  place,  but  the 
only  thifx)ry  upon  which  they  can  be  satisfactorily  explained,  and 
which  now  seems  on  the  way  to  become  generally  accepted,  attributes 
them  to  electrical  distiu'banees,  and  especially  to  a  repulsive  force 
acting  from  the  son,  probably  electrical,  which  varies  as  the  surface, 
and  not  like  gravity,  as  the  mass:t  A  force  of  this  naiure  in  the  case 
of  highly  attenuated  matter  can  easily  master  the  force  of  gravity, 
and  as  we  see  in  the  tails  of  comets,  blow  away  this  thin  kind  of 
matter  to  enormous  distances  in  the  very  teeth  of  g^vity. 

If  such  a  force  of  repulsion,  acting  from  the  sun,  is  experienced  by 
comets,  it  must  also  be  present  near  the  sun,  and  may  well  be  expected 
to  show  its  power  over  the  matter  ejected  irora  the  sun^s  surface.^ 

*  Report  Total  Solar  Eclipses  of  1878  and  1880,  Washington,  p.  231. 

t  "  Proc.  Boy.  Inst.,"  toI.  x,  p.  9 ;  also  Bredicbin,  "  Annales  de  TObseryatoire  de 
Moscou,"  ToL  T,  No.  2,  p.  39;  **Astr.  Nacbr.,"  N«.  2411;  and  papers  bj  Faye  in 
tbe  ''Comptes  Rendus."  Stokes,  "On  Ligbt-as  a  Means  of  Inyesiigation,"  p.  70 
et  teq,  O.  Reynolds,  "  On  Cometary  Pbenomena,"  *'  Mem.  Lit.  and  Phil.  Soo.,*' 
Mancbester,  vol.  v,  p.  192. 

t  As  a  contribution  to  tbe  biiiory  of  opinions  inyolying  more  or  lew  distinctly 
tbe  idea  of  repulsion,  it  may  be  -well  to  give  tbe  following  words  by  Professor  Young 
("  Amer.  J.  of  Science,"  vd.  i.  May,  1871,  p.  7)  :— "  On  the  one  band,  tbat  of  Pro- 
fessor Norton  and  Mr.  Proctor,  wboee  views  regarding  these  rays  (tbe  long  faint 
rays)  are  nearly  identical,  and  represent  tbem  to  be  streams  of  matter,  similar  to 
cometary  substance  or  auroral."  In  a  foot-note  Professor  Toung  says  further : — 
"  Since  my  name  bas  sometimes  been  referred  to  in  connexion  with  the  so-called 
'  Auroral  Theory  of  the  Corona,'  it  is  proper  for  me  to  state  that  I  make  no  claim 
to  be  its  originator.  So  far  as  I  know,  Professor  Norton  was  the  first  to  work  out 
and  publish  a  connected  theoxy  of  tbe  subject,  basing  bis  conduiions  laxgely  upon 
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The  existence  of  a  force,  which,  nnder  suitable  conditions,  may 
become  one  of  repulsion  at  the  sun's  surface,  is  not  hypothetical  only, 
for  we  have  reasons  to  believe  that  such  a  force  must  really  be  present 
there.  Though  we  have  no  definite  knowledge  of  the  distribution  of 
electricity  on  the  surface  of  the  sun,  we  do  know  that  chemical  and 
mechanical  actions  are  taking  place  there  which  must  be  accompanied 
by  electrical  disturbances.  It  seems  to  me  that  these  disturbances, 
which  must  be  of  a  high  order  of  magnitude,  bring  about  the  magnetic 
changes  on  the  earth  which  are  observed  to  take  place  in  connexion 
with  solar  phenomena.* 

The  grandest  displays  of  terrestrial  electrical  disturbance  must  be 
altogether  insignificant  in  comparison  with  the  electrical  changes 
which  must  accompany  the  ceaseless  and  fearful  activity  of  the 
photosphere.  Not  to  mention  the  frequent  outbursts  of  heated  gas 
thousands  of  miles  high,  and  over  areas  in  which  the  earth  could  be 
eng^lphed,  there  is  the  unceasing  formation  of  the  fiery  photos pheric 
cloud-granules  about  as  large  as  Great  Britain.  Surely  it  is  not  too 
much  to   say  that  our  terrestrial  experience  of  lightning  and  of 

hiB  discnMiont  of  Donati*B  comet,  which  were  printed  in  this  Journal  some  years 
ago.  Professor  Winlock  also  informs  me  that  he  has  held  and  published  a  very 
similar  opinion,  and  so  I  think  have  more  than  one  of  the  European  astronomers. 
My  own  &ther,  more  than  twenty  years  ago,  was  accustomed  to  teach  from  the  same 
chair  of  astronomy  which  I  now  occupy,  an  essentially  similar  doctrine.  Thus  the 
idea  had  long  been  familiar  to  me,  and,  I  presume,  more  or  less  so  to  astronomers 
generally." 

It  may  be  well  to  gire  a  more  direct  reference  to  the  papers  of  Professor  W.  A. 
Norton.    He  says,  speaking  of  comets  ("  Proc.  Amer.  Ass.,"  1851,  p.  166) : — "  The 

tails  of  comets  flowing  away  nnder  a  repuisive  force  from  the  sun." 

"  [this  repulsive  force]  to  consist  of  the  impulsive  action  of  auroral  matter  flowing 
from  the  son."  Again,  speaking  of  the  corona,  he  says :  "  The  aigrettes  of  auroral 
matter  flowing  off  chiefly  from  the  polar  regions  into  space."  In  a  subsequent 
paper  ("  Proc.  Amer.  Ass.,"  1859,  p.  167)  Professor  Norton  defines  his  idea  of  the 
lepulsire  force  as  "a  general  force  of  oosmical  repulsion  exerted  by  all  cosmical 


»i 


Mr.  Proctor^B  riews  will  be  found  in  his  work,  ''The  Sun,  the  Ruler  of  the 
Planetaiy  System,"  drd  £d.,  1885,  pp.  326—427. 

For  M.  Faye's  yicws  on  a  repulsive  force,  see  **  Annuaire  pour  TAn  1883,"  also 
"Annoaire  pour  I'An  1885,"  and  numerous  papers  in  the  ''Comptes  Bendus." 
Beferenoe  should  also  be  made  to  the  conjectures  on  the  existence  of  a  repulsive 
force  thrown  out  by  Sir  John  Herschel  in  his  Cape  Observations. 

*  Professor  Stokes  and  Professor  Balfour  Stewart  have  both  speculated  on  the 
connexion  between  solar  disturbances  and  terrestrial  magnetism,  and  have  both 
imagined  that  the  operative  solar  change  is  thermic— not  electrical,  and  that  it  is 
through  radiation  that  it  affects  the  condition  of  the  earth  in  such  a  manner  as  to 
be  manifested  by  magnetic  disturbances,  though  the  modes  in  which  these  philoso- 
phers hare  conjectured  that  this  takes  place  are  wholly  different.  In  a  subsequent 
note  I  hare  suggested  that  the  operative  solar  change  is  electrical,  and  that  the 
action  is  probably  one  of  statical  induction. — ^August  20, 1885. 
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anrorsB  fail  to  snpply  ns  with  any  adequate  basis  for  a  true  oonoep- 
tion  of  the  electrio  forces  in  action  on  the  snn. 

The  phenomena  of  comets  show  not  merely  a  highly  electrical  con- 
dition of  the  sun's  surface,  but  also  the  permanence  of  an  electric 
potential  of  the  same  kind,  whether  negative  or  positive.*  Though 
we  do  not  know  enongh  of  what  is  taking  place  at  the  sun  to  define 
the  conditions  which  may  cause  the  matter  ejected  from  the  sun's 
surface  to  have  a  high  electric  potential  of  the  same  name,  yet  we 
can  see  that  broadly  all  the  different  actions  which  take  place  there, 
and  to  which  the  electric  disturbances  are  probably  due,  are  parts 
of  one  continuous  process  going  on  always  in  the  same  direction, 
namely,  the  transference  of  energy  from  the  interior  to  the  photo- 
sphere, and  the  loss  of  the  energy  there,  in  the  radiant  form. 

We  must  bear  in  mind  that  a  strongly  electrified  state  of  the  solar 
surface  would  not  act  as  a  force  of  repulsion  upon  discrete  particles 
of  matter  insulated  from  each  other,  such  as  exist  in  the  tails  of 
comets  and  in  the  corona,  unless  these  particles  possessed  an  electric 
potential  of  the  same  kind  as  the  solar  surface.  If  these  particles 
were  in  an  nnelectrified  condition,  the  action  of  the  sun  would  be  one 
of  Btatical  induction  only,  altering  the  original  distribution  of  elec- 
tricity over  their  surfaces,  but  powerless  to  change  in  any  sensible 
manner  the  positions  of  their  centres  of  gravity  in  space,  because 
the  attraction  on  one  side  of  each  particle  would  be  balanced  by  the 
repulsion  on  the  other. 

*  The  sun's  potential  may  be  regarded  as  due  to  actions  of  some  kind  alwajs  going 
on,  or  to  a  permanent  charge  reccircd  at  some  past  time.  The  sun  if  once  charged 
with  electricity  of  the  same  name  would  doubtless  remain  so  charged,  as  Mr.  Crookes' 
experiments  appear  to  show  that  a  vacuum  would  be  a  perfect  insulator. 

If  the  sun  has  been  charged  with  electricity  of  one  name,  we  do  not  know  how  this 
came  about,  though  more  than  one  probable  conjecture  might  be  hazarded.  Some  facts 
mentioned  further  on  as  to  the  influence  of  Mercury  and  of  Venus  upon  the  coronal 
matter  would  seem  to  make  it  Tery  probable  that  these  planct«  are  permanently 
charged  with  electricity  of  the  other  name  to  that  of  the  sun.  If  this  should  hold 
good  also  of  the  more  distant  planets  (we  know  nothing  of  the  absolute  potential  of 
the  earth's  surface),  we  should  have  the  planets  charged  with  one  kind  of  electricity, 
and  the  sun  charged  with  the  opposite  eloetricity.  As  we  have  reason  to  beliere 
that  the  sun  and  the  planets  formed  originally  one  cosmical  mass,  the  question  may 
be  suggested  whether  these  changes  of  electricity  of  opposite  names  can  have  been 
brought  about  in  connexion  with  the  separation  of  the  matter  which  forms  the 
planets  from  that  which  exists  in  the  sun. 

If  we  regard  the  sun  as  possessing  an  electric  potential  of  one  name,  it  is  not 
absolutely  necessary  to  suppose  the  local  electric  disturbances  which  are  spoken  of 
in  the  text.  Electric  disturbances  are  undoubtedly  taking  place  there,  and  through 
these  the  ejected  matter  might  come  to  hare  a  higher  potential  than  ^t  possessed  as 
forming  part  of  the  sun.  Through  these  local  disturbances  some  of  the  matter  of 
the  corona  might  have  sometimes  a  higher  or  loAV(;r  potential  of  the  same  name, 
and  in  this  way  might  arise  one  of  the  yarying  conditions  upon  which  the  obsenred 
'^haagee  in  the  corona  depend, — August  20,  1885. 
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If  we  grant  the  existence  of  a  high  electric  potential  of  the  sun's 
snrface,  we  become  possessed  of  a  means  of  explanation  of  the  chief 
coronal  phenomena,  provided  we  accept  the  conclusion  to  which  onr 
argxunents  have  already  led  ns,  that  the  matter  of  the  corona  is  of 
solar  origin. 

The  photosphere  is  the  seat  of  ceaseless  convulsions  and  outbursts 
of  fierj  matter.  Storms  of  heated  gas  and  incandescent  hail  rush 
upwards,  or  in  cylones,  as  many  miles  in  a  second  as  our  hurricanes 
move  In  an  hour.  Dante's  and  Milton's  poetic  imaginings  of  Hades 
fall  far  below  the  common-place  scenes  at  the  solar  surface.  Is  it  then 
going  beyond  what  might  well  be,  to  suppose  that  some  portions  of  the 
photospheric  matter,  having  an  electric  potential  of  the  same  kind  as 
that  of  the  solar  surface,  from  which  they  come,  and  ejected,  as  is 
often  the  case,  with  velocities  not  far  removed  from  that  which  would 
be  necessary  to  set  them  free  from  the  sun's  attraction,  should  come 
under  the  action  of  a  powerful  electric  repulsion,  and  so  be  carried 
upwards,  and  from  the  sun  ? 

If  we  take  this  view  of  things,  we  are  able  to  accept  the  objective 
reality  of  many  of  the  very  long  coronal  rays,  which  seem  to  rest  upon 
sufficient  testimony.  At  the  eclipse  of  1878,  Professor  Langley  traced 
the  coronal  matter  to  a  distance  of  twelve  solar  diameters,  and  he 
adds :  '*  I  feel  great  confidence  in  saying  that  (this  distance)  was  but 
a  portion  of  its  extent."*  Professor  Newcomb  traced  this  ray  to 
about  the  same  distance,  "  six  degrees  from  the  disk."t  Such  dis- 
tances are  small  as  compared  with  the  extent  of  the  tails  of  comets. 

This  view  of  the  corona  is  in  harmony  with  the  source  of  the 
matter,  and  of  the  forces  which  the  structure  of  the  corona  almost 
irresistibly  suggests,  namely,  that  these  have  their  seat  in  the  sun. 
We  should  expect,  what  we  find  to  be  the  case,  that  there  is  usually 
great  coronal  richness  and  extension  over  the  spot  zones  where  the 
solar  activity  is  most  fervent.  Matter  blown  upwards  by  an  electrical 
repulsion  would  rise  with  the  smaller  rotational  velocity  of  the  photo- 
sphere from  which  it  started,  and  would  appear  to  lag  behind  in  its 
ascent,  and  so  give  rise  to  the  curved  rays,  which  are  so  commou  a 
feature.  We  may  well  suppose  that  the  forces  of  eruption  and  of 
subsequent  electrical  repulsion  would  vary  in  different  places,  and 
not  be  always  strictly  radial ;  under  such  circumstances  a  structure, 
similar  to  that  which  the  corona  presents,  might  arise.  A  force  of 
repulsion  would  also  be  present  among  the  similarly  electrified  particles 
of  the  corona,  acting  in  all  directions,  and  would  cause  these  particles 
to  separate  from  each  other,  during  their  ascent  from  the  sun ;  the 
amount  of  this  difEusion  would  depend  upon  several  factors,  among 
others,  upon  the  original  velocity  of  ascent,  and  upon  the  density 
and  the  degree  of  electric  potential  of  the  repelled  stufE. 

•  Beport  Total  Kclipee,  1878,  Waahington,  p.  208.  \  Idem^^.Y'^. 
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A  relatively  very  small  amonnt  of  matter,  under  this  diffiising 
force,  would  enffice  to  give  rise  to  the  corona,  and  we  csa  see  how 
the  extremely  attenuated  state  of  the  corona,  consisting  as  it  mnst 
do,  of  minnte  particles  widely  separated,  it  may  be  by  miles  each 
from  the  other,  may  have  been  rapidly  broDght  abont. 

It  is  now  time  to  consider  the  gaseous  matter  which  we  know  to  be 
associated  with  the  coronid  particles,  bnt  not  to  form  a  oontinnons 
gaseous  atmosphere.  The  gas  which  exists  with  the  incandescent 
particles,  and  which  the  spectroscope  shows  to  have  come  from  the 
photosphere,  may  have  been  carried  np  as  gas^  or  have  been  in  part 
distilled  from  the  condensed  matter  which  forms  the  coronal  par- 
ticles, under  the*  enormous  radiation  te  which  they  are  exposed. 
Such  a  view  of  the  gas  which  is  present  in  the  corona,  would  not 
be  out  of  harmony  with  the  circumstance  that  the  amount  of  gas 
relatively  to  the  incandescent  particles  appears^  to  vary  (at  the  last 
eclipse  in  Caroline  Island  it  seems  to  have  been  but  veiy  sparingly 
present),  nor  with  th^  very  different  heights  to  which  different 
bright  lines  may  be*  traced  at  different  parts  of  the  corona  and  at 
different  eclipses.  Gases  of  different  vaponr-density  would  be 
acted  upon  differently  by  an  electric  foixie  of  repulsion  which  varies 
as  the  surface,  and  would  to  some  extent  be  winnowed  from  each 
other ;  the  lighter  the  gas,  the  more  completely  would  it  come  under 
the  sway  of  repulsioo,  and  so  would  be  carried  more  rapidly  to  a 
greater  height  than  a  gas  more  strongly  held  down  by  gravity. 
The  relative  proportions,  as  well  as  the  actual  amounts,,  at  different 
heights  in  the  corona,  of  the  gases  which  the  spectroscope  shows  to 
exist  there,  would  vary  from  time  to  time ;  they  would  depend  in  fact 
also  on  the  largeness  of  supply  from  below,,  in  other  words,  upon  the 
state  of  activity  of  the  photosphere,  and  in  this  way  there  would 
come  about  a  relation  probably  between  the  corona  and  the  promi- 
nences. 

The  varying  amount  of  gas  in  different  parts  of  the  corona  is  illus- 
trated by  the  following  statement  in  the  Report  on  the  Eclipse  of 
1882,  by  Captain  Abney  and  Professor  Schuster  : — 

"The  ring  in  the  green  (1474)  is  particularly  strong  in  the  south- 
western quadrant,  and  hardly  visible  at  some  other  points  of  the  sun's 
limb.  The  yellow  ring  (D3)  is  much  fainter  on  the  whole,  but  more 
uniform  all  round  the  sun." 

Further  on  (p.  270)  they  say — "  As  regards  the  corona,  we  may 
perhaps  point  out  that  hitherto  the  position  of  only  one  true  coronal 
line  had  been  fixed,  though  two  other  lines  had  been  suspected.  The 
corona  during  the  late  eclipse  seems  to  have  been  especially  rich  in 
lines.  Thollon  observed  some  in  the  violet  without  being  able  to  fix 
their  position,  and  Tacchini  could  determine  the  position  of  four  true- 
corona  lines  in  the  red ;  from  the  photograph  we  have  been  able  to 
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measure  abont  thirfcy  additional  lines,  thus  increasing  the  nnmber  of 
lines  considerably."* 

Captain  Abney  informs  me  as  follows  :  "  The  spectmm  of  the  corona 
had  fewer  lines  in  the  Caroline  Island  eclipse  (1883)  than  in  the 
Egyptian  eclipse  (1882),  and  the  corona  was  much  brighter  at  one  limb 
than  at  the  other  in  1883.  I  think  I  can  trace  reversed  Fraunhofer 
lines  beyond  the  bright  lines  H  and  K  away  from  the  moon's  edge." 

It  would  seem  probable  that  at  the  time  of  the  eclipse  of  1883,  the 
amount  of  light-emitting  gas  was  smaller  relatively  to  the  number 
of  incandescent  particles  than  at  the  time  of  the  eclipse  of  the  pre- 
vious year.  This  supposition  agrees  with  the  fact  that  the  scattered 
solar  light,  showing  the  Fraunhofer  lines,  was  strong  in  1883. 

There  may  be  another  connexion  between  the  corona  and  the  pro- 
minences besides  that  of  a  supply  of  gaseous  matter,  namely,  one  due 
to  an  increase  of  electric  potential  of  the  ejected  matter  when  the 
prominences  are  numerous  and  large. 

The  electric  disturbances  which  accompaiiy  the  formation  of  large 
san-spots  are  well  known  to  be  of  sufficient  magnitude  to  be  felt  upon 
the  earth,  by  causing  changes  in  the  distribution  of  the  terrestrial 
magnetism  sufficiently  great  to  affect  our  instruments .f     The  Astro- 

•  "PbU.  Trans.,"  1884,  pp.  264  and  270. 

t  We  do  not  know  the  mode  in  which  the  sun  acts  upon  our  magnets.  The  solar 
action  may  be  a  direct  one  due  to  changes  in  tlie  sun's  magnetism,  or  to  an  electro- 
magnetic action  due  to  electric  currents,  or  to  electrified  matter  in  motion  with  a 
high  velocitj.  The  views  suggested  in  this  lecture  of  the  sun*s  electrified  state,  and 
of  the  nature  of  the  corona  may  possibly  throw  some  Ught  on  this  point.  Two 
distinct  modes  of  the  sun's  action  on  the  magnetic  needle  seem  to  be  possible : — 

(a.)  The  sim  being  a  charged  conductor  separated  from  the  earth,  also  a  conductor, 
by  an  insulating  yacuum,  would  afiect  the  distribution  of  the  earth's  electricity 
by  its  power  of  statical  induction.  As  the  earth  rotates  currents  would  be  set  up 
about  it  to  effect  the  redistribution  of  electricity  required  to  satisfy  the  inducing 
influence  of  the  sun.  May  we  not  find  in  these  earth-ourronts  an  explanation 
of  some  of  the  phenomena  of  the  earth's  magnetism?  However  this  may  be, 
the  changes  in  the  sun's  statical  induction  which  would  follow  from  the  shooting 
forth  of  the  electrified  matter  of  the  corona,  may  well  so  afiect  the  earth-currents 
as  through  them  to  bring  about  the  disturbances  observed  in  the  needle.  The 
electrified  matter  of  the  corona  which  leaves  the  sun  will  still  go  on,  even  when  too 
diflnsed  to  be  visible,  and  will  still  continue  to  produce  upon  the  earth  the  effect 
due  to  its  charge  of  electricity.  The  amount  of  this  action  will  depend  greatly  upon 
the  direction  of  the  projected  matter  relatively  to  the  position  of  the  earth. 

(b.)  The  other  possible  mode  of  action  of  the  corona  would  be  to  suppose  an 
electromagnetic  action  upon  the  earth.  The  electrified  coronal  matter  moving  with 
a  high  velocity  would  act  similarly  in  this  respect  to  electric  currents.  Among  other 
difficulties  we  must  consider  the  rapid  decrease  of  electromagnetic  action  at  a 
distance. 

If  the  sun  is  a  charged  body,  then  in  consequence  of  continually  parting  with 
matter  charged  with  electricity  of  the  same  name  as  that  of  the  sun's  charge,  the 
•un's  potential  would  be  slowly  decreasing.  This  consideration  vo\]i\d\>Q  m  vmy^tVi^ 
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nomer  Bojal,  writing  of  the  magnenc  aotivitj  of  tlie  year  1882,  aajs  : 
*'  The  month  of  November,  which  was  characterised  bj  the  appearance 
of  a  yery  large  sun-spot,  being  particularly  disturbed  with  remarkable 
magnetic  storms  on  November  17,  19,  and  20,  and  many  interesting 
cases  of  lesser  disturbance."* 

We  can  scarcely  doubt  but  that  similar  electric  disturbances  of 
exceptional  magnitude  accompany  the  formation  of  the  prominences  ; 
indeed  these  phenomena  may  themselves  be,  in  part  at  least,  electric 
discharges  analogous  to  terrestrial  aurorsB.f  However  this  may  be^ 
we  can  scarcely  doubt  that  large  electric  disturbances  accompany 
them.  Tacchini  takes  the  view  that  electricity  plays  a  chief  part 
in  the  prominences,  and  believes  that  he  is  able  to  show  a  connexion  be- 
tween these  phenomena  and  corresponding  changes  in  the  magnetism 
of  our  globe.  J 

Hitherto  in  our  discussion  of  the  forces  which  may  be  active  in  the 
corona,  we  have  taken  account  only  of  the  influence  of  electrical 
changes  which  take  place  upon  the  sun.  Now  these  changes  at  the 
sun  make  themselves  felt  upon  the  earth  ;  we  may  then  well  suppose, 
with  a  high  degree  of  probability,  that  the  earth,§  and  especially  the 

of  the  conjecture  thrown  out  in  the  last  sentences  of  the  text,  that  the  corona  was 
formerly  of  larger  extent,  and  that  it  will  continue  to  diminish. — August  20,  1885. 

[My  attention  has  been  called  this  day  to  a  paper  by  Prof.  O.  Reynolds,  "  On  the 
Electro-dynamic  Effect  which  the  Induction  of  Statical  Electricity  causes  in  a 
Moving  Body.  This  Induction  on  the  part  of  the  Sun  a  probable  Cause  of 
Terrestrial  Magnetism."  '*Mem.  Lit.  and  Phil.  Soc.,"  Manchester,  toI.  t,  3rd  Ser., 
p.  209.— Sept.  29,  1885.] 

•  Report  of  the  Astronomer  Royal,  1883,  p.  18. 

t  See  Balfour  Stewart,  "  Proc.  Roy.  Inst.,**  vol.  iv,  p.  60. 

X  '*  Reale  Accademia  dei  Lincei  (March  1,  1885),  S.N.,  toI.  i,  p.  181.  Tacchini 
says  : — "  Ci6  viene  anche  a  corroborare  I'opinione  mia  e  di  qualche  altro,  che  cioe 
uel  fcnomeno  dellc  protuberance  solari  Telettricit^  altia  una  parte  rilevante,  da 
dovere  forso  considerare  non  pocho  di  esse  come  fenomeni  puramente  ellettrici,  aome 
aurore  polari,  capaci  di  indurre  sul  nostro  globo  i  correspondenti  disturbi  mag- 
netici;  ....  noi  possiano  intanto  considerare  come  cosa  assicnrata  alia 
scienza,  che  il  fenomeno  della  maiehie  solari,  quelle  delle  protuberanze  ed  il  mag- 
netismo  terrestro  variano  cosl  d\  accordo.** 

At  the  same  sitting  Professor  Respighi  took  a  different  fiew  (p.  174)  and  stated 
he  did  not  consider  the  prominences  to  be  of  a  nature  to  occur  in  periods,  and  that 
he  could  not  admit  a  connexion  between  the  maxima  and  minima  of  the  prominences 
and  the  elements  of  terrestrial  magnetism.  At  the  following  sitting,  March  15 
(p.  228)  Tacchini  replies  to  the  objections  of  Respighi,  and  endearours  to  show  that 
Respighi  has  been  influenced  by  his  preconoeiTed  views  of  the  nature  of  spots  and 
prominences. 

§  Mr.  Broun,  in  his  discussion  of  the  variations  of  the  earth's  magnotiam  (**  Proc. 
Roy.  Soc.,*'  vol.  xxiv,  p.  231),  says :— "  It  is  shown  that  those  changes  (in  1844  and 
1845)  occur  at  intervals  of  twenty-six  days,  or  multiples  of  twenty-six  days.  .  . 
As  this  period  is  that  of  the  sun*s  rotation  relatively  to  the  earth,  it  appears  to 
follow  that  the  earth  has  some  action  on  the  sun,  or  (more  probably)  on  some  ray- 
Jite  emanation  from  the  sud,  which  causes  these  changes  in  the  earth's  magnetism." 
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nearer  planets  Yenns  and  Mercary,  exert  an  inflaenee  on  the  electri- 
fied and  attenuated  matter  of  the  corona. 

The  elaborate  researches  of  Mr.  De  la  Rue  and  Professor  Balfonr 
Stewart  appear  to  show  an  inflaenee  exerted  by  Venns  and  Mercary 
upon  the  solar  regions  of  spot  action. 

We  know  nothing  of  the  electric  distribution  on  Venus  and  on 
Mercury,  but  it  seems  more  than  probable  that  these  bodies,  as  well  as 
the  meteor-swarms  nearer  to  the  sun,  have  an  influence  in  determin- 
ing the  mode  of  outflow  of  the  electrified  coronal  matter  in  the  direc- 
tions in  which  they  happen  to  be.  The  influence  may  be  one  of 
attraction,  giving  rise  to  coronal  extension  or  rays  from  the  corona, 
or  to  repulsion,  in  which  case  we  might  have  what  appears  to  us  as  a 
rift  directed  towards  the  body. 

We  have  not  sufficient  data  to  furnish  certain  information  on  this 
point,  but  it  may  be  of  interest  to  quote  the  following  sentences  from 
Mr.  Trouvelot's  Report  of  the  Eclipse  of  1878* : — 

**  There  is  a  fact  connected  with  this  eclipse,  which,  if  not  doe  to  a 
singular  coincidence,  would  seem  to  point  to  some  attractive  action  of 
the  planets  on  the  solar  atmosphere  (corona).  On  the  day  of  the 
eclipse  Mercury  and  Venus  were  in  almost  opposite  points  of  their 
orbits,  with  the  sun  between  and  almost  on  a  line  with  them,  while 
the  Earth  on  the  same  day  was  in  a  part  of  its  orbit  which  formed 
the  apex  of  an  equilateral  triangle  having  for  base  the  line  joining 
Mercury  and  Venus.  Knowing  this,  it  is  perhaps  singular,  and  any- 
how very  remarkable,  to  see  that  the  eastern  wing  of  the  corona  was 
directed  on  a  straight  line  to  Mercury,  while  the  western  appendage 
was  directed  on  a  straight  line  to  Venus.  The  coincidence  was  still 
greater.  As  in  regard  to  the  isun,  the  two  planets  were  not  exactly 
on  the  same  line.  Mercury  being  a  little  to  the  north,  while  Venus 
was  a  little  to  the  south  of  the  ecliptic ;  the  solar  appendages  have 
ahown  the  same  peculiarity,  their  axes  being  a  little  inclined  to  each 
other." 

I  may  say  that  the  inclination  of  the  axes  of  coronal  extensions  on 
the  two  sides  of  the  sun  may  be  seen  in  the  photographs  of  this 
eclipse.  It  should  be  stated  that  Professor  Newcomb,  who  observed 
the  coronal  extension  towards  Venus,  says: — **I  tried  to  judge 
whether  the  western  one  (ray)  pointed  towards  the  planet  Venus, 
then  plainly  visible  near  the  horizon.  The  direction  was  apparently 
very  slightly  below  that  of  the  planet."  Professor  Newcomb's  words 
seem  to  show  that  he  did  not  make  any  allowance  for  refraction, 
which  would  make  the  planet  when  near  the  horizon  appear  sensibly 
higher  than  its  true  place. 

If  sufficient  evidence  should  be  forthcoming  in  the  future  to  estab- 
lish a  sensible  influence  of  the  planets  upon  the  corona,  we  should  not 

•  Page  9S» 
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expect  to  see  the  coronal  matter  in  all  oases  moving  exactly  towards 
or  from  a  planet,  becanse  this  matter  wonld  be  also  nnder  the  influ- 
ence of  a  motion  in  the  direction  of  its  primary  repulsion,  and  also 
of  one  of  rotation  about  the  sun.* 

There  has  been  some  difference  of  opinion  as  to  whether  the  oorona 
is  uniform  in  constitution  from  the  sun's  limb  outwards,  or  whether 
it  consists  of  two  parts,  which  have  been  distinguished  by  the  names, 
"  inner  corona  "  and  **  outer  corona." 

There  can  be  no  doubt  that  at  certain  times,  and  in  certain  solar 
latitudes,  a  lower  part  of  the  corona,  such  as  that  described  by  Pro- 
fessor Langley,  extending  from  about  5'  to  10',  is  so  much  brighter 
than  the  parts  outside  of  it  that  it  seems  to  form  what  may  be  called 
an  inner  corona.  At  the  same  time,  the  photographs  of  different 
eclipses,  and  Mr.  Wesley's  drawings  from  some  of  them,  show  dia- 
tinctly  that  all  the  stronger  indications  of  structure  can  be  traced  down 
almost  to  the  sun's  limb,  and  that  the  brighter  parts  within  some 
6'  to  10'  of  the  limb,  are  not  equally  bright  all  round  the  sun.  This 
brighter  inner  part  is  represented  yexy  strongly  in  several  drawings 
which  accompany  Mr.  Stone's  paper  on  the  eclipse  of  1874,  especially 
in  one  by  Mr.  Wright.f    There  seems  great  probability  that  the  corona 

*  General  Tennant,  F.R.S.,  informs  me  that  since  this  lecture  was  read,  he  has 
calculated  the  places  of  Merourj,  Venus,  and  Mars  for  the  eclipse  of  1871  and  the 
eclipse  of  1882.     He  sajs  : — 

"  The  positions  at  the  eclipse  of  1871  are — 

Mercurj  position  angle 100°  89^ 

Venus  „  278^40' 

Mars  „  80^*40' 

Mercurj  is  thus  not  far  from  the  direction  of  the  great  prominences  lettered  H  and 
I  (see  catalogue  at  page  27  of  mj  report,  '  Mem.  B.  Ast.  Soc.,*  toI.  xlii),  and  corre- 
sponds to  the  greatest  extension  of  the  coronal  matter,  namelj,  45'  in  mj  tahle. 
Venus  is  near  the  group  lettered  V,  W,  and  X,  of  which  group  V  is  less  onlj  to  H 
and  1  in  height,  and  corresponds  to  the  next  greatest  extension  of  the  corona 
namelj,  34'  56''  in  mj  tahle.  The  real  heights  of  the  visible  extensions,  allowing 
for  the  foreshortening,  would  be  for  Mercurj,  41'  3"  or  45'  31",  according  to  the 
reading  taken  ;  and  for  Venus,  47'  05".  Anj  such  calculation,  howcTcr,  implies  a 
form  of  the  coronal  extension  which  does  not  exist.  The  more  foreshortened  raj 
would,  in  fact,  on  account  of  its  breadth,  seem  longer  in  proportion  than  the  one 
which  is  seen  more  nearlj  porpendicularlj  to  its  axial  direction ;  and  in  this  case 
this  consideration  would  tend  to  reduce  the  real  extensioi^  of  the  Venus  laj.  Mars 
does  not  seem  to  have  anj  marked  raj  directed  to  him,  but  anj  such  raj  would  be 
much  foreshortened  if  it  existed. 

"  At  the  time  of  the  eclipse  of  Maj  16, 1882  ('  Phil.  Trans.,'  toI.  oIxxt,  Plate  13), 
we  should  hare  the  effects  of  the  planets  Mercurj  and  Venus  coincident,  and  not 
much  foreshortened,  in  tlie  coronal  pictures.  The  combined  effects  of  these  planets 
are  shown  in  the  protruding  angle  at  the  upper  left  side  of  the  engrayed  corona. 
There  seems  a  marked  protrusion  of  the  general  light  thereabouts  which  would  be 
opposite  to  the  planets." — August  15, 1885. 
f  "Mem.  Bo  J.  Astron.  Soc./*  vol.  xlii,  pp.  43,  51,  and  53. 
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18  of  the  same  nature  thronghont,  but  that  there  is  often  so  much 
more  matter,  in  other  words,  the  coronal  fog  is  so  much  denser,  within 
5'  to  icy  of  the  b'mb,  that  under  the  effects  of  projection,  and  when  seen 
bj  the  eye  or  with  a  very  low  power,  this  part  of  the  corona  appears 
to  be  marked  off  from  the  corona  beyond.  It  is  possible  that  a  clue 
to  the  real  state  of  things  may  be  found  in  the  photographs  of  the  corona 
of  1878.  When  these  are  examined  the  long  equatorial  rays  seen  by 
eje,  can  be  traced  a  little  distance  beyond  the  bright  corona,  but  it  is 
found  that  the  corona,  as  a  whole,  is  not  drawn  out  at  this  part,  so  as 
to  extend  to  several  solar  diameters,  but  that  these  great  extensions 
consist  of  rays  or  streamers  coming  out  from  the  general  coronal 
mass,  something  in  the  way  in  which  fainter  rays  often  extend  from 
the  principal  tail  of  a  comet.  They  may  be  due  to  a  similar  cause, 
namely,  the  electric  repulsion  acting  upon  particles  which  are  more 
completely  under  its  sway,  either  from  their  less  specific  gravity,  or 
their  more  highly  electrified  condition.  The  consideration  presents 
itself,  whether  in  this  state  of  things,  we  have  only  an  extreme  case 
of  the  conditions  always  present  in  the  corona,  which  gives  rise  to  the 
appearances  which  have  suggested  the  distinction  of  an  '^  inner 
corona  "  and  an  "  outer  corona.*' 

There  is  another  question  which  awaits  consideration,  namely, 
whether  the  corona  rotates  with  the  sun.  It  seems  obvious  that  if  the 
corona  is  due  to  a  supply  of  matter  and  to  forces  coming  from  the  sun, 
then  the  coronal  structure  and  the  degree  of  extension,  which  are  pro- 
duced by  them,  at  any  part  of  the  sun,  would  continue  to  be  produced 
by  these  agencies  at  that  part  of  the  sun,  and  in  that  sense  the  corona 
would  rotate.  In  the  case  of  the  more  distant  and  diffused  parts,  the 
rotation  could  scarcely  be  of  one  and  the  same  material  object,  any 
more  than  in  the  sweep  of  a  comet's  tail  at  perihelion,  the  corona 
being  constantly  renewed  and  reformed  over  each  part  of  the  solar 
surface.  If  we  suppose  the  corona  to  come  under  the  influence  of  an 
external  force  as  that  of  a  planet,  then  we  should  expect  the  ray 
drawn  out  towards  it,  or  the  rift  formed  opposite  to  it,  to  continue  to 
be  directed  to  this  external  object,  and  to  be  independent  of  the  solar 
rotation.  The  subpermanence  of  any  great  coronal  form,  therefore, 
would  probably  have  to  be  explained  by  the  maintenance  for  some 
time  of  the  conditions  upon  which  the  form  depends,  and  not  by  an 
unaltered  identity  of  the  coronal  matter ;  as  in  the  case  of  a  cloud 
over  a  mountain  top,  or  of  a  flame  over  the  mouth  of  a  volcano. 

We  have  to  consider  another  question :  What  becomes  of  the  coronal 
particles  ?  Are  they  carried  away  from  the  sun,  as  the  matter  of  the 
tolls  of  comets  is  lost  to  them  ;  or  do  they  return  to  the  sun  P 

The  results  of  eye  observations,  as  well  as  of  the  taking  of  photo- 
graphs with  different  exposures,  have  shown  that  there  is  great  pro- 
bability that  the  corona  has  not  an  outer  boundary)  Wt  \i\[^\»  \V>\&\o%Xi 
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in  an  increasing  faintness  and  diffnaion.  The  abeenoeof  a  limit  n 
probably  trae  only  of  the  faint  outer  parts  of  the  corona.  Within, 
and  especiallj  about  the  distance  from  the  sun's  limb  to  which  the 
so-called  "  inner  corona  "  usually  extends,  there  is  evidence  of  an 
apparent  arrest  of  coronal  matter,  doe  in  part  probably  to  the  effects 
of  perspective,  and  within  this  distance  are  seen  numerous  rays  which 
turn  round  and  descend  towards  the  sun.  These  returning  curved 
forms  are  well  shown  in  Mr.  Wesley's  drawings  of  the  eclipse  of  1871.* 

We  are  led  to  the  conclusion  that  many  of  the  ooronal  partioles 
return  to  the  sun,  but  that  in  the  case  of  other  partioles  which  form 
the  stronger  coronal  rays  and  streamers,  there  is  no  return,  but  that 
they  leave  the  sun,  and,  at  the  same  time,  separate  more  widely  from 
each  other  by  tbeir  mutual  repulsion,  and  become  too  diffused  to  be 
visible.  The  state  of  extreme  attenuation  of  this  diffused  ooronal 
matter — such  that  the  nuclei  of  comets  pass  through  it  without 
sensible  retardation,  enables  us  to  see  that  the  corona  may  be  main- 
tained at  an  extremely  small  expenditure  of  solar  material.  Among 
other  considerations  it  may  be  mentioned  that  an  electric  repulsion 
can  maintain  its  sway  only  so  long  as  the  repelled  particles  remain 
in  tho  same  electrical  state ;  if  through  electric  discharges  the  parti- 
cles cease  to  maintain  tlie  electric  potential  they  possess,  there  will 
be  no  longer  any  force  of  repulsion  acting  upon  them,  and  gravity 
will  be  no  longer  mastered.  If  when  this  takes  place,  the  particle 
is  not  moving  away  with  a  velocity  sufficiently  great  to  carry  it 
from  the  sun,  the  particle  will  return  to  the  sun.  Of  course,  if  the 
effect  of  any  electric  discharges  or  other  local  conditions  has  been 
to  change  the  potential  of  the  particle  from  positive  to  negative, 
or  tho  reverse,  as  the  case  may  be,  then  the  repulsion  would  be 
changed  into  an  attraction  acting  in  the  same  direction  as  gravity. 

This  ceaseless  outflow  of  extremely  minute  particles,  very  widely 
separated  from  each  other,  may  possibly  throw  some  light  on  another 
phenomenon  which  has  not  yet  been  satisfactorily  explained,  namely, 
the  zodiacal  light. 

The  views  which  I  have  ventured  to  put  forward  in  this  lecture 
would  lead  us  to  expect  that  a  more  extended  and  more  brilliant 
corona  surrounded  the  sun  in  early  geological  time,  and  that  if  the 
skies  were  then  of  their  present  degree  of  clearness,  the  corona  would 
probably  have  been  visible  about  the  sun. 

May  the  corona  have  been  -still  faintly  visible  in  the  earliest  ages  of 
the  human  race  ?  Are  there  any  philological  traces  of  it  in  the 
earliest  words  and  ideas  connected  with  the  sun  ? 

On  those  eastern  plains,  where  the  air  is  of  so  great  purity,  did 
early  men  still  see  faintly  a  true  Traip'qXto^  ? 

Similar  considerations  point  to  a  slow  secular  diminution  in  extension 

*  "Mem.  Boy.  ilstron.  Soc.,"  vol.  xli,  Plates  6,  7,  8,  and  10. 
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and  in  brightness  of  the  corona,  as  the  sun  slowly  loses  heat,  and  the 
actions  of  the  photosphere  become  less  fervent. 

The  candle  of  the  sun  is  burning  down,  and  so  far  as  we  can  see, 
must  at  last  reach  the  socket.  Then  will  begin  a  total  eclipse  which 
will  have  no  end  : 

"  Dies  ilia 
Solyet  aeclum  in  favilla." 


^Results  of  the  Harmonic  Analysis  of  Tidal  Observations." 
By  A.  W.  Baerd,  Major  R.E.,  and  G.  H.  Darwin,  F.R.S., 
Fellow  of  Trinity  College  and  Plumian  Professor  in  the 
University  of  Cambridge.    Received  March  19,  1885. 

The  harmonic  analysis  of  continuous  tidal  records,  inaugurated  by 
a  Committee  of  the  British  Association  in  1868,  has  now  been 
carried  out  at  a  considerable  number  of  ports.  Some  of  the  earlier 
results  were  collected  together  in  the  Reports  to  the  Association  in 
1872  and  1876,  and  in  a  paper  by  Sir  W.  Thomson  and  Captain  Evans, 
read  before  the  Association  in  1 878,  but  the  largest  mass  of  data  is 
contained  in  the  tide  tables  now  being  annually  published  for  the 
Indian  ports  under  the  authority  of  Her  Majesty's  Secretary  of  State 
for  India. 

The  Report  of  the  last  Committee  of  the  British  Association,  pub- 
lished in  the  volume  for  the  meeting  at  South  port  in  1883,  is  entirely 
theoretical,  and  has  been  adopted  in  India  as  a  manual  of  the  method 
of  harmonic  analysis.  It  is  there  shown  how  the  results  of  the  analysis 
are  to  be  presented  in  a  form  appropriate  either  for  theoretical  treat- 
ment or  for  mechanical  prediction  by  the  iustrament  of  the  Indian 
Government  in  London.  It  is  also  shown  how  the  scattered  results, 
referred  to  above,  may  be  reduced  to  the  form  which  has  been 
adopted  as  a  standard.  Major  Baird  has  collected  the  whole  of  the 
Indian  results,  and  those  contained  in  the  Reports  of  1872  and  1876, 
and,  by  the  aid  of  his  staff  of  computers  at  Poona,  has  reduced  them 
to  this  standard  form.  The  greater  part  of  the  annexed  tables  is 
the  result  of  this  work. 

We  must  refer  to  the  Report  to  the  British  Association  for  1883  for 
an  explanation  of  the  method  of  harmonic  analysis,  but  it  will  b? 
well  to  give  a  few  words  of  explanation. 

Each  one  of  the  tides,  into  which  the  oscillation  of  sea-level  is  re-* 
garded  as  analysed,  is  expressed  in  the  form — 

fHcos(F-|-M— «). 

V+u—K  is  the  argument  of  the  tide,  and  increases  uniformly  with 
the  time,  so  that  this  term  represents  a  simple  harmonic  oscillation  of 
the  sea-level  with  semi-range  ffiL. 
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It  ia  sapposed  that  u  stands  For  the  mean  valae,  estimated  over  the 
year  or  period  of  obser^atioa,  of  a  certain  known  function  of  the 
longitude  of  the  moon's  nodes,  or  in  a  few  cases  of  the  suiv'b  perigee ; 
f  stands  for  a  factor  of  augmentation  or  diminntioo  of  the  range  of 
tide  dne  to  the  variability  of  the  obliquity  of  the  eqnator  to  the  lunar 
orbit,  and  a  mean  value  for  f  estimated  over  the  year  or  period  of  ob- 
servation is  adopted.  Tables  for  computing  u  and  f  for  each  tide  are 
given  in  the  Report." 

F  is  a  knoTCn  linear  function  of  the  local  mean  time,  of  the  mean 
longitadeB  of  the  sun,  of  the  moou,  and  of  the  lunar  perigee,  and  it 
increases  aniformly  with  the  time  ;  the  rate  of  its  increase,  measured 
say  in  degrees  per  mean  Bolar  hour,  is  called  the  speed  of  the  tide. 

The  numerical  operation  of  harmonic  analysis  gives  ns  H  and  k, 
which  are  constants  peculiar  to  the  port  of  observation.  As  the  tide 
tables  are  principally  for  the  nse  of  British  sailors,  H  is  expressed  in 
feet  'tnd  decimals  of  a  foot,  and  k  is  an  angle  lens  than  300^.  The 
argnmen  >'+u  — e  is  such  that  if  the  equilibriam  theory  of  tides  were 
trae,  with  a  water-covered  globe,  then  n  would  be  zero;  and  k  divided 
by  the  speed  is  the  time  elapsing  after  any  theoretical  equilibriam 
high- water  until  the  next  actual  high- water ;  we  may  call  *  tiie  '■  lag" 
of  the  tide.  If  the  eqaiUhrium  theory  were  true,  H  would  have  a 
ralae  which  may  be  computed  from  the  formule  given  in  the  Report. 

If  tidal  ohservationa  were  perfectly  aconrate,  and  if  the  tides  were 
nndistnrbed  by  the  weather,  H  and  c  wonld  be  absolute  constants  for 
each  tide  and  for  each  port,  whatever  periods  are  sabmitted  to 
analysis  ;  and  in  proportion  as  they  are  fonnd  to  be  constant  so  is  the 
analysis  satisfactory. 

A  knowledge  of  H  and  c  is  necessaiy  and  sufficient  to  determine 
the  height  of  water,  as  dne  to  the  particular  tide,  at  any  time,  past  or 
fatnre. 

The  lettersf  t,  ',  ^,  •*  have  been  appropriated  to  the  earth's  angular 
Telocity  of  rotation,  and  to  the  mean  motions  of  the  moon,  of  the  son, 
and  of  the  innar  perigee  respectively.  Hence  the  tate  of  increase  of 
For  the  speed  of  tide,  is  eipressibie  by  these  symbols.  For  practical 
convenience  an  initial  has  been  adopted  to  indicate  each  one  of  the 
tides ;  and  we  here  reproduce  Schedule  A  of  the  Report  containing 
the  arbitrarily  chosen  initial  letters,  the  speed,  and  a  descriptive  name 
for  most  of  the  tides. 

The  tides  involving  f  in  the  speed  are  approximately  diurnal,  those 
containing  27  are  approximately  semi-diurnal,  and  those  containing 
^71  ^1  <^*i  >u%  approximately  ter-diumal,  quater-dinmal,  and  so  on. 
Those  whose  npeed  does  not  involve  7  are  called  tides  of  long  period, 
since  the  (xuiokeat  of  them  has  a  period  of  a  fortn^ht. 

*  In  the  cue  of  the  TMulti  for  the  Eoglieh  porti  below  it  it  drMinrioli  mMU  lime. 
*  The  iaJtialt  ofyj,  ffiX^yg,  QAuc,  and  parigse. 
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Schedule  of  Notation. 


InitialB. 

Speed. 

Name  of  Tide. 

7— ff— »,  and 

7-.r  +  «r 

2(7—) 
3(7^-") 

Principal  Innar  series. 

K, 

27 

Luui- solar  ae mi-diurnal. 

» 

2-,-3^  +  ir 

Larger  lunar  elliptic. 

I. 

27-ff-T  and 

27-.+, 

SmaUer  lunar  eUiptic. 

27  +  .-, 

Luni-Bolar  elliptio  semi-diamal. 

2N 

27-4-+2- 

Lunar  elliptic,  second  order. 

. 

27-3..-«'  +  2, 

Larger  lunar  evectiooal. 

X 

27-,  +  ir-2, 

Smaller  lunar  evectional. 

0 

7-2» 

Lunar  dinmal. 

00 

7+2- 

K, 

7 

Lnni-Holar  diurnaL 

Q 

7-3-  +  W 

Larger  Innar  elliptio  diurnal. 

f—a—v 
included  in  Mi 

Smaller  lunar  elliptic  diurnal. 

J 

7  +  »-^ 

Lani-solar  elliptic  diarual. 

j~4^  +  2v 

Lunar  elliptic  dinmal,  second  order. 

7-3"-'' +  2, 

Larger  lunar  eTectional  diurnal. 

s, 

l-e. 

2?7"-\) 

3(7-,) 

Ac. 

Principal  solar  series. 
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Bohednle  of  Notation — eontimted. 


Illid>l>. 

Sporf. 

Nuu)  ol  Tida. 

T 

2,-S, 

Lnger  lolsr  eUiptio. 

B 

»>-1 

Smaller  «>liir«lliplio. 

P 

,-2, 

Solar  diuial. 

Mm 

.-, 

Lunar  montillj. 

Mf 

2< 

Sa 

n 

Solar  aDnaaL 

Sn 

s» 

Solar  aeini-aimiiaL 

ust 

2(.-,) 

Lnni-solar  synodic  fortnightly. 

US 

4,-2.-2, 

. 

■Coraponnd  tides. 

,or2MS 

2,-4.+  2, 

2SU 

21  +  2.-4, 

MK 

3^,-2. 

2UE 

3,-4. 

MN 

4,-5.+, 

The  operations  of  the  compaters  give  the  values  of  «  in  d^frees  and 
two  places  of  decimals  of  a  degree,  bat  as  the  valnea  of  c  are  in  no 
case  80  consistent  from  year  to  year  as  to  present  variations  of  less 
than  a  d^ree,  the  tables  have  been  abridged  by  the  entry  merely  of 
the  nearest  degree.  Thevalnes  of  care  printed  in  a  different  type 
from  those  of  H,  and  the  degree  mark  '  has  been  omitted. 

Id  the  case  of  the  porta  of  Tonlon  and  Brest  the  reenlts  in  the 
Report  of  the  Committee  of  the  British  Association  were  given  in 
centimetres,  bat  they  have  been  redaced  to  feet  for  the  sake  of 
□niformity. 

At  the  head  of  the  table  for  each  port  the  epoch,  or  iastant,  at  which 
tie  analfsed  obfiervntions  begin.,  is  jaoted ;  at  every  port  (excepting 
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'Katliiwadar)  the  epoch  is  Oh.  of  (old)  astronomical  time,  or  civil 
noon,  of  the  day  specified. 

In  Table  I  is  given  the  latitude  and  longitude  of  the  several  ports. 

In  Table  II  the  values  are  given  of  H  and  k  for  each  year  or  period 
analysed  for  the  ports  specified  at  the  head;  these  are  the  values 
deduced  from  the  results  of  1872,  1876,  1878,  and  from  those  of  the 
JtiHiilti  Survey. 

The  initial  of  the  tide  is  shown  in  the  margin. 

The  last  column  for  each  port  gives  the  mean  of  the  values  for  the 
years  under  observation.  An  inspection  of  the  numbers  from  which 
the  mean  is  derived  shows  the  degree  of  consistency  between  the  num- 
'bers  obtained  in  the  several  years.  The  number  of  results  is  hardly 
sufficient  to  make  it  worth  while  to  deduce  a  probable  error  for  H 
and  k;  moreover,  it  would  be  a  somewhat  arduous  task  to  do  so. 

Table  III  is  a  summary  of  Table  II,  giving  only  the  mean  values, 
together  with  the  number  of  years  from  which  the  mean  is  derived, 
and  this  is  of  much  value  for  the  theoretical  discussion  of  the  tides. 

Table  IV  gives  Mr.  Ferrel's  results  from  the  Reports  to  the  United 
States  Coast  Survey. 

The  tables  give  altogether  results  for  43  ports,  and  for  137  periods 
of  observation  and  analysis. 

♦[We  have  to  thank  Mr.  Edward  Roberts,  the  importance  of  whose 
work  in  this  subject  is  well  known,  for  having  reduced  the  results 
given  in  the  paper  of  1878,  viz.,  those  for  Freemantle,  Mauritius,  E. 
Falkland,  Malta,  Marseilles,  and  Toulon.  In  several  of  these  the 
heights  were  stated  in  centimetres,  but  they  are  now  reduced  to  feet 
and  decimals. 

Professor  Ferrel  has  carried  out  an  harmonic  analysis  at  several 
ports  for  the  United  States  Coast  Survey.  The  process  adopted  by 
him  does  not  appear  to  be  identical  with  the  method  of  the  British 
Association,  and  there  seemed  to  be  room  for  doubt  as  to  whether  the 
i*esult8  were  truly  comparable  with  ours.  In  answer  to  an  inquiry  on 
this  point,  addressed  to  the  United  States  Coast  Survey,  Mr.  Ferrel 
kindly  sent  a  memorandum  to  the  Superintendent,  Mr.  Hilgard, 
which  has  been  forwarded  for  our  information.  The  memorandum, 
dated  Washington,  April  27th,  1885,  runs  as  follows  : — 

"The  results  of  harmonic  analyses  of  tide  observations  of  the 
United  States  Coast  and  Geodetic  Survey  are  found  in  Report  of  the 
British  Association  for  1872,  and  the  Reports  of  the  Coast  and 
Geodetic  Survey  of  1878,  App.  No.  11 ;  1882,  App.  No.  17 ;  1883, 
App.  No.  9.  The  results  for  Governor's  Island  have  not  yet  been 
printed. 

*  This  paragraph  and  the  corresponding  portion  of  the  tables  were  added  on 
May  15,  1885,  subaequentlj  to  the  presentation  of  the  paper.  These  reaulta  oC 
1878  are  only  given  in  Table  III,  and  not  also  in  Table  XL 
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"  Those  in  the  Report  of  the  B.  A.  are  by  Sir  W.  Thomsoti.  In  those 
of  the  Coast  and  Geodetic  Snrvey  the  A's  (amplitude)  oorreBpond 
with  Sir  W.  Thomson's  B's.  bnt  the  •'b  (epoehd)  differ  from  his  by 
90°  in  the  diurnal  componenta.  These  corrections  of  his  epochs  I 
introduced  into  my  '  Tidal  Researches '  in  1874,  p.  44-,  §  i28.* 

"  From  a  reference  to  Schedule  I,  Tides  of  Penobscot  Bay,  ProfesBor 
Darwin  with  reason  concludes  that  I  have  not  applied  this  correetioa 
in  the  diarnal  component  of  the ''tides.  This  arises  fi-om  the  omis- 
sion by  oversight  of  a  footnote  to  Schednle  I,  as  follows : — 

"  '  For  \'  read  \'— -Jw  in  the  dinrnal  component  of  the  K-tide.' 

"The  correctioDB  baTe,  in  all  cases,  been  applied  accoi'ding  to  this 
note. 

"  In  my  '  Tidal  Researches  '  of  1874  I  have  given  fomiulffl  for  the 
correction  of  both  tbo  amplitudeii  and  epochs  depending  Dpon  the 
position  of  the  moon's  nod<j.  These  corrections  i-cdoce  them  to  what 
they  would  have  been  if  the  moon  had  moved  in  the  etlipiic.  By  a 
reverse  method  these  amplitudes  and  epochs  can  be  reduced  back  to 
any  year  for  which  prnctieal  appHcntion  of  the  results  is  required. 
|[i  the  discussion  of  tides  io  Penobscot  Bny  I  have  also  given  smull 
tables.  Tables  III — VT  inclasive,  to  facilitate  these  corrections,  and 
redactions  depending  npon  the  lunar  node.  The  double  signs,  how- 
ever, of  Tables  III,  V,  and  VI,  got  reveraed  somehow  in  copying  and 
printing ;  bnt  the  signs  have  been  used  correctly  in  the  reductions, 
even  in  those  of  the  Report  in  which  the  signs  are  given  erroneously, 
which  shows  that  they  were  at  first  correct,  and  that  the  error  was 
introduced  in  copying. 

"  These  nodal  corrections  have  in  all  cases  been  applied  to  the 
results,  BO  that  in  these  corrected  results  the  irregularity  of  long 
period  depending  npon  the  moon's  node  is  eliminated,  and  the  ampli- 
tudes  and  epochs  are  the  same  from  year  to  year,  except  so  far  as 
they  are  affected  by  small  irregularities  from  abnormal  distnrbaoces 
not  completely  eliminated.  An  exception  to  this,  however,  is  the  case- 
of  the  St.  Thomas  tides,  in  which  the  reductions  were  not  carried  so 
far,  and  these  small  nodal  corrections  were  not  applied  to  these  small 
tides.  The  amplitudes  and  epochs  are  those  simply  belonging  to 
the  years  of  observations.  ...  It  is  certainly  desirable  to  have 
an  international  uniform  notation. 

"  I  should  have  stated  sooner  that  in  Table  II,  column  0,  90"  have 

*  [Notwittutsading  this  uaunmcc  I  Tcnture  to  think  that  Ur.  Forrel  muit  be 
mistaken.  For  eunnplv,  at  Sudj  Hook,  it  looks  a*  though  it  were  certain  that 
K),  L,  X  Ii&ve  be«B  reduced  according  to  one  rule,  and  the  rest  of  the  aemi-diunial 
tides  according  to  another  ;  for  the  phase*  differ  by  about  180°.  Compare  again 
O,  E„  P  with  J  and  Q  at  Penobscot  Bay.—G-.  E.  D.,  August  12,  1885.] 

[It  maj  be  Doticed  that  c  of  8[  for  San  Diego  differ!  b;  lECf  in  the  U.S.  redno- 
tioB  from  the  Talue  in  the  B.A.  reduction.  I  hare  no  eridence  at  to  which  ii 
KirTect.—a.  H.  D.,  October,  1886.] 


Harmonic  Analysis  of  Tidal  Observations, 


141 


always  been  deducted  before  using  it  in  the  reductions  in  the  case  of 
the  diurnal  component  of  the  K-tides." 

We  give  below  the  results  above  referred  to  bj  Mr.  Ferrel.  We 
Diay  remark,  however,  that  the  heights  have  been  abridged  by  the 
omission  of  a  place  of  decimals,  and  the  epochs  by  the  omission  of  the 
decimals  of  a  degree.  We  have  not,  however,  given  quite  all  the 
results  of  the  United  States  Coast  Survey.  Mr.  Ferrel's  treatment  of 
Ml  is  not  identical  with  ours,  and  it  is  omitted;  also  there  is  no 
place  vacant  for  some  of  the  smaller  overtides  in  our  schedules.  The 
reader  especially  interested  in  these  tides  is  therefore  advised  to  refer 
also  to  the  original  sources.  The  results  for  St.  Thomas  are  derived 
from  a  letter  dated  March  10th,  1885,  addressed  by  Mr.  Ferrel  to  the 
saperintendent,  and  kindly  communicated  to  us. 

From  the  correspondence  it  appears  that  the  American  results 
should  be  comparable  with  the  others,  or  at  least  that  the  difference 
should  be  insignificant.  As  remarked,  however,  in  a  footnote  on  the 
preceding  page,  this  conclusion  is  open  to  doubt.  We  have  thought 
it  best,  therefore,  to  keep  these  results  in  a  table  separate  from  the 
others.] 
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Table  I. 
Indian  Tide  Tables 


Aien 


U    4S 


9   Id 


EamchL 

Olhn  Point  and  Bejt-  Harbour,  Gulf  of  Culch  S2  28 
Katbiwadur  or  Shial  Bot,  8.  cOMt  of  Kuttjitar 

Bonibs)-,  Apollo  Bunder 

Be.vpars,  7  milra  S.  of  Cab'cut 

PauQiben  P]ise,  island  of  Bunesnenim 

Kegapstam 10  46 

Mnd™ 13  i 

Viiogapataui 17  41 

FaliB  Point 20  25 

Uublat,  Snufnor  Island,  BirGT  Hooghl; 2L  38 

Diamond  Harbour,  Riror  Hooght; 23  11 

KiildBrjiore,  Ritor  Hooghlj .....  22  32 

BlephantPomt 16  29 

B&ngoon 16  46 

Ambent 16  S 

Moulmain 16  29 

Fort  Blair,  Bou  IsUod 11  41 


l»t.  long. 

12°  47' N 44"  69' 

24    47  ei3    58 


86  47 

88  6 

88  14 

88  22 

96  19 

96  12 

97  84 
97  40 
92  45 


British  Association  Beporte. 
N.B. — RetvlU  for  English. port*  are  referred  to  Greenwich  mean  tini: 


lat 

Fort  Point,  CalifomiB 87  40  N. 

8bd  Didgo,  California 32  42 

Port  LHipold,  Arctic  Archipelago 74  — 

Beecbe;  Island,  Erebus  Baj,  Arctic  Arcbip.. .  74  43 

Cat  Island,  Qulf  of  Mexico 30  23 

Toulon 48      7 

Brat 48  Za 

Baougato 51  18 

WMtHartlepool 54  41 

Portland  Breakwater GO  SO 

Liverpool 63  24 

Halbrelaland about  U  M 

Freemantle,  Weet  Aoatralta 32 

Mauritius,  Port  Louis 20 

Eaat  Falkland,  Fort  Louis,  Berkelej  Sound . .  51  29 

Halla 35  66  N. 

Marseilles 43  18 


.  122  15  W. 
.  117  13 


6  58E. 

4  BOW. 

1  21  B. 

1  12  W. 


about   3   0 

3S lis  45B. 

9    67  11 
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United  States  Coast  Survey  Reports. 

lat.  long. 

Penobflcot  Bay,  Pulpit  Core,  Maine 44      9N 68  53  W. 

Port  Townsend,  Puget    Sound,  Washington 

Territory 48      8         122  48 

Astoria,  Ck)liimbia  Riyer,  Oregon 46    11          123  50 

San  Diego  Bay,  California 32    43          117  10 

St  Thomas,  West  Indies 18    20         64  56 

SandyHook 40    27          74  1 
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Table  n. 
aeni-e  0  h.,  March  8, 


Tom 

1879-ao. 

1880-1. 

1881-2. 

1882-3. 

Mmd. 

«.{?: 

0  073 

168 

0-117 

0-093 

161 

0-077 
166 

0-000 

161 

».{?: 

0  6(13 

148 

o-eoa 

»5i 

0-704 
H6 

0-699 
147 

0-697 
148 

».{f: 

0  006 
i6j 

0-005 
»57 

0  006 

27S 

0-005 

0-006 

»•{?: 

O'ooe 

Its 

0-004 
191 

0-001 

O'OO* 

0  004 

=.{": 

0-001 

O-OOl 

138 

0-001 
3»5 

o-ooi 

161 

0-001 

".{f: 

0-033 
JO 

0-052 

0-063 

J55 

0  048 

45 

0-0*7 

«.{?: 

1-S78 
ij8 

1-558 

1-569 

1-667 

1-569 

129 

".{?: 

0  019 

0-020 

0-018 

0-016 

0-018 
309 

M.{f : 

0-011 

111 

0-006 
33+ 

0-007 
3'8 

0-003 

0-007 
3 '4 

!".{?: 

0-006 
3*3 

0-004 
»8o 

0-004 

16 

0  007 

355 

0-005 

34' 

".{f : 

0-003 

0  001 

49 

0-004 
333 

0-002 
65 

0-003 

♦J 

o{f: 

0  657 

38 

0-658 
40 

0-648 

38 

0-651 
38 

0-653 

38 

Mf- 

I -296 

3« 

1-297 

3S 

1-299 
J6 

1-305 
36 

1-299 
36 

M? : 

0-21B 
^45 

0-197 

0-188 

0  202 
=46 

0-201 

'44 

'{f: 

0-389 
31 

0-375 
35 

0-389 

33 

0-399 
J' 

0-388 
33 

'{": 

0-118 
49 

O-IIO 
70 

0-083 
53 

0-100 
3S 

0-103 
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Table  II. 
Aden. 
Commence  0  h..  Ma 


^•-r 

1879-80. 

1880-1. 

1B81-2. 

1882-3. 

HMO. 

«{f: 

0  17* 

40 

0-167 

38 

0-IS4 

4» 

0  139 

48 

0-lEl 
4» 

^{f  - 

0-028 
»S9 

0-063 
130 

0  033 

i09 

0  066 

ii3 

0-046 

130 

"{fZ 

0-443 
113 

0-436 

130 

0  421 

0-409 

0-427 

"5 

"{" 

0-018 
113 

0-020 

301 

0  038 

0-026 

•S5 

0-026 
197 

►  /^*' 

0  157 
HI 

0  132 

0  059 

170 

0  048 

0-099 

1X6 

'{?: 

0-08C 
I9» 

0-082 
104. 

0  072 

0-068 

104 

0-075 

196 

»{?: 

0-006 
64 

0  003 
3S6 

0-006 

30 

T{f : 

0-057 
1S6 

0-042 
194 

0-050 

MSJ"^  " 

0  007 

0-020 

167 

0-000 
i6« 

0  011 

167 

0-012 

'59 

!SM{f  ; 

0  022 

:o6 

0-021 

0  021 
'14 

0  026 

"4 

0  023 

109 

»»{?: 

0  036 
S 

0-076 
348 

0-025 

314 

0-033 

18 

0-042 

354 

Mt{f: 

o-oea 
14 

0  039 

30 

0-045 
16 

0-04* 

53 

0-046 
3' 

MSf(^  " 

0  014 

40 

0-016 

'95 

0  018 

98 

0-010 

109 

0  014 

34' 

s^if : 

0-404 

3 

0-402 

3S8 

0-363 

0-899 

347 

0-390 

357 

8-{f : 

0-110 
94 

0  109 
tfii 

0-ow 

0-068 
99 

0-096 
116 

146  Major  A.  W.  Baird  and  Prof.  G.  U.  Uarwiu. 


Table  JI. 

Karaehi. 

Commence  0  h..  Ha;  I. 


Tew 

1868-g. 

1889-70. 

1870-1. 

1871-2. 

1872-3. 

1873-*. 

«.{?: 

'!7 

0-071 

0-076 
i6i 

0-083 

158 

0  108 
'47 

0-083 
'55 

«.{?: 

0-98B 

0-MS 

0-928 
3*4 

0-951 
3'» 

0«3 

3" 

0-943 

3" 

».{?: 



0-014 
356 

0-018 

5 

0-008 

O-OIO 
3»« 

^.{f: 

0  004 

'93 

0  012 

m 

0-004 

=.{?: 

0-000 

"'{?: 

OOIS 

::::;: 

0-030 

78 

0-063 

'S 

0-040 
359 

0-038 

46 

"■{?: 

e-6U 

2-447 

19S 

a -460 

'95 

E-492 
»94 

a -476 
194 

2-471 
193 

».{.=: 

o-ota 

333 

0  037 

3ii 

0  048 

3" 

0-048 
3i^ 

0-037 

lis 

0-030 

330 

M,{f: 

0  016 
44 

0-027 

^7 

0-024 

,8 

0  029 
»3 

0-020 

18 

0-022 
9 

".{?: 

0-04D 

0-046 

0  044 

ai8 

0  046 

103 

0-046 

'I4 

0-048 
log 

«.{?: 

:;:::; 

0  006 
'49 

O-0O6 
»66 

0-003 
'55 

o{f  ; 

oeea 

47 

0-645 

5° 

0-629 
48 

0-636 

47 

0-632 

46 

0-645 
46 

i,{f : 

1-878 

47 

1-E57 

47 

1-855 

48 

1-279 

1-275 

1-269 

46 

Mf: 

0-200 
3*9 

0-278 
3'5 

0-280 
3'i 

0-293 

0-293 
311 

0-274 
3'5 

p{f: 

0-376 
4* 

0-385 
5° 

0  376 
4S 

0-860 
48 

0-368 

47 

0-393 

48 

'{f: 

0-OBl 

79 

0-046 

44 

0  070 

38 

0-107 

61 

0104 

0  069 

157 
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Table  H. 

Karachi, 

Gommenoe  0  h.,  May  1» 


Tear 


«{ 


H 

K 


'{? 


4? 


{ 
{ 


H 


H 


e{h 


T{ 


IT      «= 

H  = 


Ms{f 
2SM-f^ 


Mf| 


H 


MSfjf 


8a  I 


H 

K 


Ssa 


{. 


1868-9. 


0  129 
46 

0  079 

298 

0-604 

279 

0  059 

335 

0  190 

254 

0  066 

267 


0  017 
ai5 


0  069 
248 

0  063 

318 

0  009 

328 

0  115 


0  198 

82 


1869-70. 


0*120 
61 

0  047 
321 

0-587 

281 

0-037 

270 

0  081 
223 

0-032 
224 

0  035 

271 

0  111 

320 

0-024 

180 


0-040 

ns 

0  078 
3" 

0-074 
19 

0  179 

80 

0  059 

117 


1870-1. 


0-138 

54 

0  089 

294 

0-672 

279 

0-043 

209 

0-080 
343 

0-070 
300 


0-031 
3H 


0  031 
116 

0  037 

259 

0  057 

159 

0-162 
107 

0  062 

70 


1871-2. 


0-146 

50 

0-043 

356 

0-650 
280 

0  084 

207 

0  143 

284 

0  062 

254 

0-027 
221 

0-058 

22 

0  020 

358 


1872-3. 


0-129 

5i 

0-137 

263 

0-605 

^75 

0-076 
12 

0-191 

300 

0-055 

270 


1873-4. 


0-119 
63 

0  084 
284 

0-587 

278 

0-041 

^59 

0116 

238 

0-055 

232 

0'021 

228 

0-012 

233 

0-023 

307 

0-007 

128 

0-055 

56 

0-012 

223 

0-042 
44 

0-250 

95 

0-211 
162 


\.^ 


IH 

1      1 

w^m 

■ 

^ 

^H 
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i 

Table  IL 

r 

XbroeAi. 

Commen™  0  h.,  May  1. 

Tatr 

1874-6. 

1875-6. 

1876-7. 

1877-8. 

1878-8. 

i87&-ao- 

».{?: 

0  076 
'53 

0  078 

IJO 

0'087 

'57 

0'088 
■  Bi 

0-OU 

.67 

0-086 
161 

<: 

O'HS 

3W 

0-953 

OByij 

,.8 

0  961 

0-983 

0-957 

i'5 

».{?: 

0-008 

6 

0-008 

0  012 

0  010 

0-009 

0-008 

6j 

«.{?: 

0-007 

3W 

0  009 
'9S 

OOOG 
^t9 

0  005 
»75 

0-008 
191 

0-OOS 
3*5 

=.{?: 

0-003 
i66 

0-002 
ig) 

0-001 

207 

0-008 

»54 

0-001 

0-002 

«.{?: 

0  055 

66 

0  081 
36 

0-016 

353 

ooia 

76 

0  035 
54 

O-OHO 
'4 

».{? : 

S'617 
191 

2  6S0 

2-474 

191 

.8468 

IS! 

2'62t 
196 

2  655 

«.{?: 

oose 

0-037 
345 

0'037 
343 

0-056 
3»7 

0  048 

O-IMS 
3i0 

«.{?: 

0020 

s 

O-0S5 

0  018 

353 

0-024 
16 

0-081 

0-027 
7 

M,(f  ; 

0  0S6 

0  056 

io6 

0  049 

O'Osa 

196 

0-051 
"5 

0-055 

«.{?: 

0  006 
.36 

0-006 
197 

0-006 

OOOG 
15> 

0-0(U 

169 

0003 

o{?: 

0G*7 

4fi 

0-B4S 
46 

0-646 
4S 

0-664 
46 

0-677 
49 

0-651 
47 

■^.{f: 

1293 

4« 

i-asa 

46 

1-163 
44 

1278 
4S 

1-814 

48 

1-301 

4H 

^■{f: 

0'247 
3.6 

0-261 

3" 

0-176 
ii8 

0-B60 
3'4 

0-240 
3>9 

0-284 

3^5 

p{.=  : 

0-386 
4* 

0-867 
4; 

0-36S 
49 

0-423 

0-440 

44 

0-396 
4i 

J 

'{?: 

0-088 

0  104 

JO 

0  077 

0-026 

88 

0  084 

66 

0  102 
«4 
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Table  II. 

Karachi. 

Commence  0  h.,  May  1, 


Year 

1874-5. 

1875-6. 

1876-7. 

1877-8. 

1878-9. 

1879-80. 

<: 

0  123 

58 

0-136 
46 

0  124 

35 

0  110 
48 

0  150 

47 

0  154 

50 

Mf: 

0  088 

280 

0  042 

302 

0-085 

306 

0  099 

305 

0-054 
263 

0-066 

3»2 

M°: 

0-560 

276 

0-602 

274 

0  606 

273 

0-556 

273 

0-667 
274 

0-597 

280 

0  022 
181 

0-009 

95 

0-040 

300 

0-082 
236 

0  063 

184 

0  019 

35 

'{?: 

0  023 

320 

0154 

317 

0-207 

285 

0-218 

236 

0  127 

211 

0-069 

332 

'{?: 

0  056 

0  070 

0-068 

0-113 

0-041 

0  077 

274 

260 

280 

217 

297 

249 

M": 

0-008 

308 

0-069 

273 

Hf. 

0  122 

0  059 

344 

315 

K      = 

0  021 

304 

0  031 

315 

0  034 

313 

0  030 

326 

0  033 

0  031 

337 

2sm|]^  Z 

0  018 

>50 

0-025 

98 

0  012 
115 

0  026 
63 

0  019 
167 

0  018 

158 

Htn  << 

K     = 

0-064 

0-067 

0  097 

0-124 

0-040 

24 

103 

42 

49 

26 

Mr{f  : 

0-033 
41 

0  010 

24 

0  032 
1 

0-047 

30 

0  030 

3^8 

MSf|^  = 

0  040 

333 

0-015 
186 

0-045 
195 

0  038 
3»4 

0  030 
318 

0-145 

56 

0  086 
76 

0-197 

80 

0-170 

120 

0  042 

86 

0-172 
157 

0173 

167 

0  145 

164 

0  087 

70 

0-165 
171 
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Table  n. 
(a)Kar(,M.  If)  Otha.    (0  Kil 

(a)  Com.  Ob.,  Haj  1.    (i)  Oom.  0  li.,  Apr.  16.    (o)  Oom.  12  h..  Oat 
(•)  (■)  (•)  W  (•) 


T«r 

1880-1. 

18S1~S. 

issi-a. 

Haut. 

1874-B. 

^{f: 

0  185 
6* 

0-078 
■74 

0-066 

0  082 
■58 

0-074 

150 

Mf: 

0M9 
3H 

O-QW 
3H 

0-962 
3*4 

0-948 
3" 

1-S22 

14 

«*{?: 

0-006 
31 

0-OlS 

0-008 
35 

0-010 
'4 

0-013 
117 

^{fz 

0-OOS 

191 

0-ooe 
J14 

0-006 
187 

0-007 

'95 

0-003 

«.{f: 

Oi»l 

0-000 

"4 

0-001 
.61 

0-001 

104 

0-001 

M'{" : 

O'O&g 
3 'J 

0-048 
39 

0  062 
61 

O'OM 

JO 

0  051 

43 

M,{=: 

2-536 

195 

2-641 
»94 

2-558 

194 

2-504 

194 

3-820 

347 

«»{f: 

0  039 
319 

0-034 

3»7 

0-030 
33fi 

0-039 
330 

0-030 

M^{?: 

0  026 

0-027 

0  023 

359 

0  021 

0  138 

107 

M.{=: 

0  052 

0-019 

0  044 

104, 

0-049 

0  007 
i70 

M": 

0-0O2 
34' 

0-009 

157 

0-002 
161 

0005 
26; 

0  011 
96 

o{f : 

0-632 
46 

0-634 

46 

0-645 
47 

0-647 

47 

0-693 

57 

='{;^: 

1-246 
47 

1-295 

47 

1-810 
47 

1-281 

46 

1-414 

53 

^{f: 

0-415 

ill 

0-269 

317 

0-234 

0-278 
310 

0-328 

'7 

p{f : 

0-266 

4? 

0-396 
46 

0-896 

44 

0-380 

4fi 

0-334 

50 

'{if: 

0  066 

lOti 

0-063 

53 

0  099 

38 

0-079 

0-107 

ai 
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Table  n. 
(a)  Karachi.  (6)  Okha.     (c)  KatkiinadaT. 

n.  0.  h.,  Mbj  1.     {b)  Com.  O  h.,  April  16.     {e)  Com.  IZ  h.,  OaL  31. 
(«)  (a)  («)  (-)  (*)  W 


Y-r 

1880-1. 

1881-a. 

1882-3. 

Mean. 

1874-5. 

1881-2. 

«{f: 

0104 

0-121 

64 

0  133 

61 

0-129 

0-137 
59 

0-162 
6g 

l/h  = 

0  1!3 

0-096 

191 

0-076 
i9i 

0-081 
i?9 

0  221 
>3 

0  079 

h/h- 

0S81 

27« 

0-631 

179 

0-694 

1.80 

0-600 

1J7 

0-781 
3" 

0-756 
34 

j/H  =. 

0  020 
3"3 

0  028 

i?5 

0-001 

X36 

0-042 

181 

0  078 

^3 

0  043 

107 

4=- 

0-169 
3"4 

0-2U 
16+ 

0-125 

Xi6 

0'14S 

J77 

0-164 

8 

0  131 
'5 

fH- 

0-087 
^83 

0-061 
>67 

0-039 

0  061 

16J 

0-203 

181 

0-286 
343 

a /H  - 

0  040 
3'7 

0009 

0  030 

176 

j/H- 

OOM 

3J0 

0-021 
4' 

0-oes 

33» 

mb/^  " 

0-028 
J'? 

0-030 

i'1 

0  024 

3»8 

0  027 

J07 

0-064 

0  169 

28HJ^  = 

0  031 

0  030 

0-021 
"S 

0  021 
"3 

0-044 

»9* 

0  029 
154 

-{?: 

0  036 
'Ji 

0-0&5 

0-040 

0060 

95 

0-066 
3" 

0-053 
S 

w{f: 

0-020 
11 

0  034 
15* 

0-006 
118 

0  033 
3t6 

0-OGO 
44 

0-027 
103 

Msr{^" 

0  018 

301 

0-0*3 

0-028 
■48 

0-036 

166 

0  141 

ISO 

0040 
'53 

"•{?: 

0-ioa 

0-100 
SO 

0-099 
SI 

0  188 
79 

0-162 
3 

0-236 
133 

*•{?: 

0-189 

0  116 
164 

0-098 
■94 

0-lRG 
'4^ 

0-121 
'45 

0  109 

.56 

m 

^H 

1 

^H 
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■                                                 Table  11. 
W                                                      Bombay. 
I                                                   Commenee  0  fa.,  Juiubit  1. 

T." 

1878. 

1979. 

1880. 

IBSl. 

1882. 

MeOB. 

■>{? : 
K.{f: 

0  076 

187 

1-6U 

i 
O'OIS 

'■57 
0'002 

195 

0  002 

86 

0  024 

♦6 
3  391 

0-074 

0119 

OOU 

130 

0  0U3 
3'6 

0GV3 

48 

1-884 
46 

0-«2 

0-404 
4^ 

0  048 

8<» 

0-083 
184 

i-es* 

0  013 
»J5 

O'OM 
t79 

0-002 
196 

0-036 

4-041 

0-0G7 
18 

0-129 

0-015 

0-004 

347 
0-660 

48 
1-391 

45 
0-394 

353 
0-400 

43 

0-083 
48 

0-088 

1  627 

0-013 

0  004 
140 

o-ooi 

'5' 

0  0B6 

51 

4  0ra 

3JO 

0  068 

15 

0-120 

3 '4 
0-O02 

79 
0  0()2 

3'J 

0-S6B 
48 

1-393 
45 

0-427 

355 
0-406 

0  128 

0  074 
179 

1-G18 

3 
0-011 
i'5 

0-006 
160 

0  002 

0-0<!6 

19 
4-058 

33' 
0-0j5 

0-126 

0017 

H3 

0  001 
'3 

0-647 

48 

1-398 

45 
0-431 

353 
0-403 

4^ 

0  122 

86 

0-072 

>79 

1-616 

4 

0-008 
'33 

0-002 

t8i 

0  000 

0  045 
i« 

4-014 

330 
0-060 

0-1Z4 

3'8 

0-008 
IJ4 

0  006 
46 

0-046 

49 
1-398 

45 
0-388 

351 
0-39G 

4' 
0  067 

74 

0-073 

1-622 

3 
0  012 

0-003 
171 

0-001 

0-051 

49 
4-034 

33° 
0-065 

13 
0-124 

31- 
O-Oll 

0  004 
35' 

0-650 
4« 

1-393 

0-410 

0-402 
41 

0  089 

7a 
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Table  II. 


Bombay. 
Commence  0  h,,  January  1. 


Year 

1878. 

1879. 

0  138 

60 

1880. 

1881. 

1882. 

Mean. 

<: 

0  122 

47 

0  159 

55 

0-lJ>3 
46 

0-101 

50 

0  181 

5a 

0  122 

299 

0-054 

348 

0-128 

0  094 

306 

0-143 

298 

0  108 
316 

I*    — 

1024 
312 

1036 

315 

0-991 
316 

0-974 

0-988 
312 

1-003 
314 

0  051 

284 

0  023 

^54 

0-030 
157 

0-013 

203 

0  043 

277 

0-032 

235 

'{?-- 

0-288 
V9 

0-246 

283 

0  078 

269 

0  121 
9 

0-261 
336 

0-199 
3>5 

fH  = 

0-231 

0-189 

0-214 

0-182 

0-212 

0-206 

3»3 

294 

314 

301 

318 

308 

H^z 

0  •0-16 

301 

0  037 

265 

0-042 

283 

I*     = 

0  08f5 
46 

0-266 

z 

0  171 
24 

0  122 

17 

0-138 

30 

0-126 
23 

0  125 

25 

0-134 

25 

0-129 
24 

1  2sm{,^: 

0  039 
91 

0-025 
1*5 

0  048 
iia 

0  036 

109 

0  033 
94 

0  036 
106 

Mm-        ~ 

0  058 
315 

0-049 

355 

0-042 

86 

0  047 

56 

0-086 

36 

0  056 

26 

m{^  Z 

0  068 
346 

0  054 

7 

0*054 

I 

0  029 

250 

0  -052 
47 

0-051 
346 

MSf  {f : 

0  056 

198 

0  016 

287 

0  042 

184 

0-019 

334 

0  023 
136 

0  031 

228 

-{f: 

0-254 

0  137 

0  173 

0-188 

0  179 

0  186 

117 

330 

313 

317 

355 

358 

8»{? : 

0  068 

304 

0  124 

223 

0-071 
16a 

0-201 

232 

0  145 
218 

0  122 

228 

Major  A.  W.  Baiid  and  Prof.  G.  H.  Darwin. 
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Table  n. 

Karviar. 

Comtamoo  0  k,  Uaroh  1. 


Year 

1878-9. 

1879-60. 

1880-1. 

1881-2. 

1882-3- 

ltf«w. 

B.{?: 

0  067 
'59 

0075 
H9 

0  055 
?S6 

o-oea 
165 

0-035 

0'W7 
159 

».{?: 

0-8S1 
335 

0-6S9 
336 

0-621 
334 

0-616 
333 

0-6SB 

335 

0-624 

335 

».{?: 

0  007 
"5 

GMff 

0  016 

94 

0  011 

0-OU 
9> 

0-010 

«.{?: 

0-008 

0  007 

SB 

0-004 

0-006 
5' 

0  006 

39 

0-006 
5* 

=.{?: 

0  002 

3+* 

0-ooa 

19s 

0  000 

1S7 

0-003 

0-004 
3°3 

0-ooa 

304 

M,{f: 

0  019 
7o 

o-oty 
45 

0'04S 
»9 

0  046 

0  036 
48 

0  033 

».{?: 

1-724 
3=3 

1-7S8 

303 

1-767 

30' 

1-764 
30> 

1-741 
3<" 

1-742 

3°i 

«■{?: 

0-oia 

i8o 

0-014 
j86 

0-018 
^75 

0-018 
164 

0  012 
161 

0-014 
173 

«•{?: 

0  045 

0'OG9 

0-054 

0  059 
16 

0-060 

7 

0-oes 

"7 

"•{? : 

0  013 
289 

0-010 

0  018 

0  011 

184 

0-009 

o-ou 

»84 

M.{H- 

o-ooi 

0  003 

5< 

0-004 
9 

000a 

58 

0-002 

"5 

0-ooa 
109 

o{?: 

0-49S 

SO 

0-«8 

50 

0-506 

49 

0-494 
48 

0-483 

49 

0-497 
49 

E,{f  ; 

I -001 
47 

0-996 
47 

1010 

45 

1008 
44 

1-006 

45 

1-004 

45 

>=.{?: 

0-176 
330 

0-17+ 
319 

0-161 
3^7 

0-m 
353 

0  180 
330 

0-174 
330 

p{f  I 

0'ZS9 

0-274 
43 

0  283 

43 

0-287 
41 

0B74 

40 

0-277 

4i 

j{=: 

0-04fi 

5' 

0-078 
55 

0-087 
T 

0-064 

67 

0  06B 

4* 

0  068 

57 

Analysis  of  Hdal  Obiervatiojit. 


Tftble  n. 

Karwar. 

Commsnoe  0  h.,  March  1. 


Tew 

1878-9. 

1879-80. 

1880-1. 

1881-2. 

1882-3. 

Uevt. 

«{?: 

0111 

5? 

0-133 

61 

OlSO 

54 

O'lOl 
S8 

0-097 
63 

0-114 
59 

!■{?: 

0  09S 

3^6 

0-041 

3*5 

0-060 
318 

0  038 

191 

0*060 

0  056 

3"? 

"{? : 

0  416 

0  426 

184 

0  413 

182 

0-400 

0-397 

179 

0-410 

181 

>{?: 

0-022 
144 

0-004 

0-032 
'9 

0  021 
3*1 

0  021 
=68 

0-020 
173 

»-f^" 

0  077 

340 

o-ise 

Z97 

0-122 

161 

0  067 

0-047 
338 

0  088 
194 

'{?: 

0-033 

*83 

0  067 

145 

0-046 

160 

0  051 

144 

0-033 

184 

0-044 
i«3 

«{?: 

O'ooe 
61 

0  009 

0  008 
145 

t{?: 

0-046 
9 

0  076 

300 

0-061 

■55 

MSJ^  " 

0-022 

80 

0  028 

0021 

et 

0  029 

60 

0-028 

60 

0  026 
67 

asMJiJ^" 

0-012 

0  004 

35J 

0  004 
'S 

0  007 

to6 

0-009 
35' 

0-007 
3 '5 

Mn.{f: 

0  016 

3S' 

0-061 
■4 

0  048 

0  043 

0  126 

3» 

0-065 

Mf{f: 

0  061 

345 

0-068 

0-034 

346 

0  0B8 

■4 

0  027 

37 

0-042 

s 

MSf  If  " 

0  029 

0-023 

*68 

0  021 

0  009 
89 

0-030 

17 

0  022 
164 

«'{f : 

0  170 

311 

0-SM 
30J 

0-4S1 

3»J 

0-383 
303 

0-373 

3>7 

0-362 

310 

8-{f: 

0  046 
197 

0-083 

0128 
191 

0-063 

0  033 

"5 

0  068 

118 

Jlitjor  A.  W,  Baird  and  Prof.  G.  H.  Darwin. 


Table  n. 

Beffpore. 

Commence  0  h.,  Deoember  1. 


Tear 

1873-9. 

1879-80. 

1880-1. 

1881-2. 

1882-3. 

Meui. 

=.{?: 

0-021 

0-083 
107 

o-ona 

.87 

0-073 
'S5 

0-035 
'?3 

0-OBl 
'7+ 

».{?: 

0  331 

O'SIO 
■S 

0-30B 

0-341 

0-359 

0-330 

Mf: 

0  004 

0  003 
ii8 

0  004 
133 

0  006 
■4S 

0  007 
148 

0  01)5 
■37 

<: 

0  00* 

0-004 

0-003 
iti6 

0-006 
117 

0-010 
148 

0-006 

».{?: 

o-ooi 

0-000 

o-ooi 

0-001 
319 

0-001 
339 

0-001 

Mf. 

0-oir 

'♦6 

0  032 
69 

0-038 
13 

0  024 

0  032 
90 

0-029 
73 

M?: 

0'907 
33° 

0-901 
3  JO 

0-89B 
333 

0-950 
319 

1-001 
3 '4 

0-031 

M?: 

0-011 
»I4 

0-010 

0-011 

0-010 

.96 

0-009 
'94 

0  010 
197 

M^: 

0  081 

45 

0-015 
36 

0-018 
53 

0  030 

41 

0-oaj 
31 

0  020 
4' 

«.{?: 

0  010 

0-00* 

0-003 

184 

oooc 

■3fl 

0-012 
133 

0-007 

M.{a  : 

0-008 
'37 

o-oio 

130 

0-007 
14* 

0  008 

O-OfJ0 

0-009 
I4« 

»{?: 

0-337 

58 

0-a38 

57 

0-834 

59 

0  337 

5? 

0-35G 
55 

0-340 

-.{?: 

O'TOt 

0  691 

53 

0-fi83 
54 

0-71S 

51 

0-727 

4? 

0-704 

-.{?: 

0  065 

0-079 
3 

0-OR9 

0-0(59 

0-008 
'7 

0-080 

'{?: 

0184 
49 

0-188 
56 

0-197 

57 

0-177 
54 

0-211 
48 

0  101 
53 

'{fz 

0  035 

0-047 
44 

0-064 

84 

0-040 

0-034 

40 

0  044 

63 
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Table  II, 

Beypore, 

Commence  0  h.,  December  1, 


1 
Year 

1878-9. 

1879-80. 

1880-1. 

1881-2. 

1882-3. 

Mean. 

1                                            V 

0  078 
68 

0-089 
76 

0  082 
59 

0-078 
6z 

0-078 
67 

0-081 
66 

0-018 

0  037 

0  020 

0  033 

0  025 

0  027 

349 

341 

34* 

347 

I 

348 

0  191 

0  189 

0-190 

0-199 

0-215 

0  197 

306 

309 

302 

307 

299 

305 

1 

0  004 

187 

0  012 

I 

0  013 
289 

0  017 

H 

0  011 

354 

0-011 

313 

\    '{?: 

0-035 
249 

0041 

20 

0  050 
354 

0-095 
296 

0-053 
277 

0-055 
311 

i    '{?: 

0  024 

0  020 

0-008 

0  014 

0  030 

0  019 

20Z 

349 

203 

299 

239 

258 

0  017 
163 

0  028 
101 

0  023 
13* 

^{f: 

0  043 
37 

0  036 
0 

0040 
»9 

Ms{f : 

0  010 

76 

0  004 

80 

0  005 

100 

0  008 

57 

0  016 
69 

0  009 
77 

23m(^  "" 
I*    — 

0  006 

65 

0  004 
219 

0  004 
241 

0-004. 

0  007 

350 

0  005 

296 

Mm|^  ^ 

0-073 
6 

0  072 

85 

0  106 

350 

0-144 

33 

0-059 

44 

0-091 
3* 

MfjH: 

0  086 
15 

0  086 
18 

0-022 
50 

0-118 

48 

0-044 
346 

0-071 
*3 

M-Kif : 

0  066 
228 

0  037 
167 

0  017 
275 

0-041 
197 

0  028 
214 

0  038 
216 

0  307 

0*344 

0-328 

0-321 

0-243 

0-309 

3" 

316 

3" 

319 

298 

3»3 

0  139 
226 

0-252 
181 

0  180 

208 

0-189 

193 

0-123 

214 

0-177 
*o5 

158  Major  A.  W.  Baird  and  Prof.  G.  H.  Darwin. 
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Table  U. 
Paumbmt. 


Oommeneo  0  h.,  October  I 

Tw 

187B-9. 

1679-80. 

1880-I. 

1B81-2. 

Mean. 

Bx{^Z 

0  036 

'46 

0-019 
'3> 

0  035 

'S3 

0-022 

0  086 

>4« 

^{f  ^ 

0'377 

90 

0  375 
9= 

0-377 
91 

0'86O 
94 

0-872 
9» 

^{f- 

0  005 

i»7 

o-ooi 

19' 

O'OO* 
i6» 

0-003 
304 

0-003 

16 1 

^{f  = 

0  002 

146 

O'OOl 
i«8 

OOOS 
'95 

0-006 
179 

0-00* 

197 

sA^z 

0  004 

H9 

0-OOS 
^5S 

0  002 

=5? 

O'OOl 

'35 

0  003 

1^4 

M,|^^ 

0-013 

0-OOB 
38 

0  013 

*4 

0  008 
'9 

0-011 

35 

**'{?  = 

0'&89 
47 

0-586 
47 

0-699 

46 

0-669 

49 

0-685 

Ms{°r 

0  016 

0-016 

:68 

O'OIS 

■65 

0'017 

0  018 

170 

"'{f  = 

0'020 
IS9 

0-016 

O'OIS 

199 

O'Ol* 

0-016 

'94 

M,(^  Z 

0  011 

4» 

0-01 1 

50 

0-011 

40 

0-009 
34 

0-011 

^'{l^Z 

0-005 
>94 

OO04 
34a 

0  00* 

303 

0-007 
313 

0  006 
3'4 

0  j^r 

Oil* 
47 

0  118 

45 

oils 

43 

0-115 

47 

0-115 

45 

kJ^  " 

0'337 
44 

0-298 
45 

0-29S 
+5 

0-291 
49 

0-294 

*6 

^.{f: 

0-103 

84 

0-110 

0-116 
89 

0-121 
94 

0-113 

90 

^{fz 

0-105 
44 

0  110 
47 

0108 
46 

0-115 

S° 

0  110 

46 

O'OOS 
6S 

0  013 
44 

O'OU 

38 

0-021 
4^ 

0-014 

48 

Harmonic  Analysis  of  Tidal  Observations. 
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Table  11. 

Taumben. 

Commence  0  h.,  October  1. 


1 

1878-9. 

1879-80. 

1880-1. 

1881-2. 

Mean. 

0  025 

84 

0  021 

98 

0*023 
91 

0-016 

81 

0*021 
89 

0  023 

56 

0  026 

49 

0  016 

79 

0  026 

50 

0-023 

58 

K     = 

0  076 

29 

0-087 

30 

0  084 

3a 

0-082 
3a 

0-082 
31 

{?: 

0-017 
63 

0-023 

24 

0  008 

354 

0-014 
»73 

0-016 
64 

0  016 

82 

0  034 

49 

0  030 

15 

0-027 
334 

0-027 

30 

■{f: 

0  004 
78 

0-010 

98 

0  012 

95 

0  011 
148 

0-009 

105 

I*   ~ 

0  012 

»33 

0  019 

94 

0  016 

114 

0  038 

104 

0  012 
79 

0-025 

92 

'{.": 

0  021 

292 

0  017 

294 

0  018 

286 

0  017 

295 

0-018 
292 

0  010 
6 

0  008 

338 

0-012 
340 

0*006 

288 

0  010 
333 

0063  * 

349 

0  053 

58 

0-033 
»3 

0  043 
40 

0-048 

27 

'{?: 

0  045 

2 

0-040 

355 

0-063 

359 

0  033 

344 

0  043 

355 

'{«: 

0  016 

174 

0  013 

209 

0  027 

«57 

0-007 
*7 

0  016 

141 

It  = 

0  122 

299 

0-138 

318 

0-164 

287 

0  171 

304 

0-149 

302 

•{?: 

0*138 

96 

0  178 
lie 

0  184 

117 

0  129 
III 

0-167 
108 

Majm-  A,  ^\'.  Baird  and  Prof.  G.  H.  Darwiu. 


Negapalai 
Cammencs  0  b.,  D 


Madras. 
Commence  Oh.,  Ftibraarj  I. 


Tb«- 

1881-2. 

I8S2-a, 

Mean. 

1880-1. 

18S1-2. 

1882-3 

Mmn. 

».{?: 

0  048 

oou 

0-0+6 

10« 

0  037 
80 

0020 
96 

0-012 
99 

O'OZS 

9' 

»■{?: 

0B71 

0-277 

1B6 

0-274 
18+ 

0-437 

177 

0-44S 

175 

0-MO 
176 

0-Ul 
17G 

»■{." : 

(1006 

0-004 
166 

o-(Hia 

"51 

0  002 
98 

0  002 
169 

0  001 

0-002 
:6i 

".{?: 

0-000 
US 

0  000 

I6S 

o-ooo 
.50 

0-002 
"61 

0  001 
99 

0-001 
>J6 

0-001 

>.{?: 

0-001 

i>5 

0-001 

0-001 

0-001 

0-000 
6J 

0-001 
191 

0-001 

".{?: 

O'OOS 

149 

0  006 
7J 

0  005 

0-019 

0-001 
3'» 

0-001 
65 

0-003 
_  7 

M,{f : 

0-712 

15' 

0-727 
151 

0-720 

1-047 

149 

1051 

147 

1049 

148 

1-049 
148 

Mf- 

0-008 
7] 

0-008 
■33 

0-003 

'OS 

0-001 

«5 

0-003 
55 

0  006 
6j 

o-o&i 

«.{.": 

0-023 

j6 

0-019 

0  031 

77 

0-002 
130 

0-001 
"5 

0  005 
'91 

0-003 
146 

«.{?: 

0-010 
'30 

0-013 

lie 

0  012 
118 

0  010 

o-on 
149 

0-009 

o-oio 

'54 

>*{?: 

0  005 

»97 

0-004 

309 

0-005 
3°3 

0-002 
33' 

0-001 

84 

0-002 
83 

0  002 

"{?: 

0  092 

0  083 
313 

0-091 

3:^ 

0  001 

317 

0-09G 
314 

0-101 
3=5 

0-097 
315 

K,{,"; 

0-22-2 
J45 

0-227 
345 

0-225 
34S 

0-391 
340 

0-Z91 
338 

0-293 

341 

0-293 
340 

Mf- 

0-071 
18 1 

0  082 

»9' 

0-077 

186 

0-iai 

i?8 

0-120 
176 

0-091 
1B6 

0-112 

!■{?: 

0  083 
34* 

0-085 

OOM 
34S 

0  093 

34. 

0  094 
341 

0-103 
350 

0  097 
344 

■>{?; 

0-ooe 

J4« 

0  016 
307 

0  011 

31S 

0-029 
337 

0-012 

0  021 
304 

ooai 

3 '8 

ffarmome  Analgaa  of  Tidal  ObiereaUont. 


Negapatam. 
Comineiioe  0  h^  Decenlwr  6. 


Madrai. 
Comiaenoe  Ob.,  Febnur;  1. 


Tw 

1881-2. 

1882-3. 

Mean. 

1880-1. 

1881-^2. 

1882-3. 

Hwn. 

«{.' 

: 

0  007 
143 

0  007 

0-007 
iBt 

0-001 

0-008 

150 

0-009 
43 

0  005 

'{? 

; 

0  022 

178 

0-031 
'79 

0-027 

0  087 

178 

0-017 

335 

0  054 
310 

0-03(i 

307 

"{? 

z 

0164 
«4» 

0  152 
146 

0-168 
»44 

0-246 

Hi 

0-235 
140 

0-238 
J41 

0-210 
=4: 

4? 

; 

»H 

0  005 

"9 

0  015 

i3' 

0-037 

348 

0-025 

i8j 

0-035 

168 

0  029 
199 

•if 

: 

0-018 

218 

OWT 

to6 

0-018 

0  058 

109 

0-007 

0-072 
3i8 

OOH 

'{? 

; 

0  018 

0-024 

0-021 

O'OIC 

184 

0  048 

167 

0  030 
■83 

0  041 

.78 

»{? 

I 

0  031 

341" 

0-031 
349 

0  016 

0  010 

■03 

Hf 

; 

0  050 

0-050 

0  050 

0  056 

^57 

m{f 

; 

0  019 

96 

0-017 
96 

0-018 
96 

o-ooi 

0-001 

0-OOi 

180 

0-003 

170 

SMSJ)^ 

; 

0  007 

OOOG 

!l6 

0  007 
18S 

0  020 

118 

0  022 

0-023 

0  022 

109 

"»{? 

; 

0  081 

345 

0-032 

0-037 

318 

0-010 
4' 

0  047 

■30 

0-066 

68 

0  047 

80 

Mf{f 

Z 

0  061 

35 

0  017 

338 

0-030 

0  030 

5 

0  060 
349 

0-065 

'S 

0  015 
6 

>.3f{« 

Z 

0  081 

0-097 
'3 

0-091 

0  001 

84 

0  084 
46 

0-021 
44 

0-019 
58 

«■{;■ 

z 

0-S43 

131  ■ 

0-B22 

>33 

0-633 
131 

0-372 

0-335 

US 

0-449 

0-385 

'-{" 

' 

0'400 
116 

0-316 
'34 

0-358 

130 

0-275 

0-383 
'49 

0-257 
"5 

0-306 

Major  A.  W.  Balnl  and  Prof  G,  H.  Dai-wio. 


Table  n. 

Viiogapatatit. 

Oh.,  Vebruarj  3. 


T«r 

187»-aO. 

1680-1. 

1881-S. 

1882-3, 

M?: 

O'OSB 

0-047 

0-035 

0  096 

Id 

77 

gl 

»-{f: 

0G7'l 

280 

0-OBO 
286 

0'851 

0-641 

».{?: 

o-ooi 

0-007 

0-OOfl 

0  006 

0 

77 

5" 

So 

M.": 

0-001 

0-001 

o-ooi 

0-002 

■  14 

118 

114 

i'5 

M?: 

0-001 

0-001 

0-003 

0-001 

7J 

">S 

61 

"8 

M,{f  ; 

0-l«3 

0-021 

0-0  Jl 

0-004 

355 

a 

'99 

i+i 

".{?: 

1-538 

1-460 

1-469 

1-439 

149 

»53 

^54 

»iS 

M?: 

0-007 

0-001 

0-006 

0-008 

3J  = 

108 

4' 

'4 

"'{?: 

0  01* 

0-014 

0-015 

0  018 

310 

?3' 

3J9 

34» 

"•{." : 

0-003 
'44 

0-004 
78 

0-003 

JO 

0  008 
35 

M.{.": 

O'OOl 
'J4 

0-002 
314 

0-003 
143 

0-005 
id6 

o{f: 

0-139 

0-140 

0-144 

0  142 

no 

Hi 

333 

i^V 

-.{?: 

0-371 

338 

0-3S4 

0-366 

34i 

0-335 

34.6 

^{?: 

0-179 

0-137 

^8S 

0-30G 
-78 

p{?: 

0-llB 

3J6 

0-104 
346 

0-J17 
34S 

0-049 

'{?: 

0-035 

0-037 

0-014 

0-024 

iii 

35* 

3'4 

35' 
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Table  II. 
Vizagapatam. 
Commence  0  h.,  February  8. 


Year 

1879-80. 

1880-1. 

1881-2. 

1882-  3. 

Mean. 

<: 

0  010 

20 

0  007 

277 

0-004 

306 

0  014 

336 

0-009 
3*5 

0  049 

^57 

0-044 

245 

0  027 

297 

0-088 
217 

0-052 

^54 

K      = 

0-356 

^43 

0-300 

250 

0-291 

»5i 

0-309 
^42 

0-314 

246 

V 

0-021 

aoi 

0-019 

33a 

0-022 
244 

0-024 

278 

0-022 

264 

0  114 

244 

0-065 

199 

0*002 
7« 

0-127 

^83 

0-076 
199 

'{?: 

•0  030 

23+ 

0-026 

^59 

0-016 

218 

0-034 

326 

0  027 

^59 

-{?: 

0-016 

130 

0-039 

246 

0027 
188 

0  021 

336 

0-080 
189 

0  051 

Z63 

0  007 

345 

0-010 

20 

0-014 

20 

0-015 

357 

0  012 

5 

2MS|^  "" 

I*    — 

0  006 
210 

0-010 

292 

0-016 

»5o 

0  016 

148 

0-012 
a*5 

MT: 

0  022 

2Z 

0-078 

53 

0-049 

104 

0-072 

35 

0-055 

54 

V 

0*030 

*3 

0  051 

340 

0  061 

2 

0  -027 

2 

0  042 

2 

IK      ■= 

0  076 

22 

0021 
>3 

0-038 

3H 

0-048 
102 

0  046 

i3 

IK     « 

0-740 

190 

0-833 
173 

0-577 

189 

0-707 

175 

0-714 
182 

Ssaj^"" 
It    « 

V 

0-301 

89 

0-328 

X26 

0-458 

140 

0-241 
101 

0-332 
114 

U^ 


lf.4  Major  A.  \\.  Bniid  aud  Prof.  G.  H.  Durwit 


Table  II. 
False  Poinl.  Duhlat. 

Coanaenct  0  h.,  TSmy  1.  CammpQce  0  h.,  AptH  S. 


1882-3. 


1881-2. 


1(^82-3 


'.{?: 


'.{?: 


M.{f: 


p{«: 


0'024 
48 

1-030 
304 

0-008 
5^7 

0-003 

.85 

O-O03 
161 

0-008 

355 
S-S53 


0  002 
i6i 

0179 

lis 

346 

0-Ml 

197 

0  1B7 


-016 
6 

■018 

0^ 

2- 

■008 

0- 

■003 

0-C 

■003 
240 

0-C 

■000 

0-e 

-250 

no 

4-e 

IS 

■014 

30 

■038 

0- 

■010 
6j 

O'O 

■003 

0^0 

■177 

0^ 

■108 

0^4 

■255 

197 

O^S 

3 

■145 
3+4 

■026 

0^ 
33 
OT 

0-OOS 

78 

0-007 


0-618 
3^5 

0-161 
iS' 

0  016 

.96 
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Table  II. 


False  Point. 


Duhlat, 


Commence  0  h.,  Maj  1. 


Commence  Oh.,  April  22. 


Year 

1881-2. 

1882-3. 

Mean. 

1881-2. 

1882-3. 

Mean. 

<: 

0  004 

0-017 

0  011 

0  010 

0-008 

0-009 

307 

340 

3H 

306 

I 

333 

-{?: 

0  068 

0  050 

0  059 

0-175 

0-158 

0  167 

281 

227 

^5+ 

291 

292 

291 

»{?: 

0-471 
265 

0-481 
268 

0-476 

267 

1-041 
285 

0-852 
286 

0-947 

286 

4f: 

0  045 

277 

0  081 

83 

0-063 
180 

0-298 

339 

0  139 
293 

0-219 
3»6 

/H  = 

0  163 
247 

0-120 
241 

0  142 

244 

0-271 

261 

0  192 

'240 

0-232 

251 

0  070 

266 

0  080 

280 

0-075 

273 

0-218 
10 

0  111 

19 

0  165 
»5 

0-034 
217 

0-034 
217 

0-219 

289 

0-219 
289 

-{f: 

0  017 

0-017 

0  137 

0  137 

149 

149 

299 

299 

0  039 
272 

0  042 

275 

0  041 
274 

0-094 
171 

0-059 
139 

0  077 
^55 

2Ms{f: 

0  019 
iy6 

0  014 
177 

0-017 
187 

0  097 
195 

0-046 

227 

0  072 
211 

Mm  << 

IK    = 

0-053 

53 

0  072 

58 

0-063 

55 

0  045 
29 

0  035 
»25 

0  040 

77 

0  061 

37 

0  073 

33 

0  067 
35 

0  056 
61 

0-039 
71 

0-048 
66 

MSf  j^  ^ 

IK     — 

0  041 

279 

0  059 

73 

0  050 

356 

0  049 

278 

0  077 

75 

0  063 

356 

B«{^: 

0-746 
166 

0-840 
166 

0-793 
166 

0-796 
H7 

1003 
154 

0-900 
150 

Ssaj^" 
I*    ^ 

0-364 
142 

0-210 
149 

0-287 
146 

0-234 
162 

0  182 
no 

0-208 
136 

16«        Major  A.  W.  Baipd  aBd  Prof.  G.  E.  Dai 


Diamotid  Harbour. 

Kiddcrpnn. 

,  April  4-. 

Comtr 

ODCB  0  h., 

UuvbSS. 

Tear 

1881-S. 

1882-3. 

MoaD. 

1881-2. 

1882-3. 

MMn. 

=.{f: 

oosa 

0-08B 
'47 

0-085 
'5» 

0  004 

197 

0-088 
190 

0-091 

'93 

M.": 

2-215 
It 

2-288 

2-252 

36 

142? 

1-508 

1-468 

M?: 

OUT 

318 

0  122 
i»3 

0-120 

J.6 

0-066 
n6 

0-084 

O-OTB 
119 

».{?: 

0  013 

l6« 

0-013 

0  018 
»S' 

0  006 
»66 

0  004 
3JI 

0  006 
199 

Mf: 

I) -002 

O-O04 

41 

0-008 
353 

0-006 
358 

0-OOB 
J13 

0-0(« 

M.{?: 

0  020 

88 

0  020 

103 

0-020 

0-oia 

0  013 

0-013 
'57 

«.{?: 

6  175 

5-170 

5-177 

3-593 

8 -660 

8  627 

345 

3+4 

34+ 

59 

58 

58 

".{": 

0  042 

0-028 
'I5 

0-035 
:i3 

0-012 
335 

0-018 
3^8 

0  015 
33< 

".{?: 

0-756 
146 

0-734 

0-745 
.46 

0-734 
39 

0-719 
35 

0-7B7 
37 

H.{?: 

0  15G 

106 

0  148 

■05 

0  153 

106 

0-158 
313 

0-160 

315 

0  160 

319 

-.{?: 

O'oes 
347 

0-058 
343 

3+5 

0-074 
176 

0  082 

0-078 

o{?: 

0-237 

0230 

0-234 

0-228 

0-2U 

0-220 

344 

346 

34S 

^' 

IQ 

" 

-.{?: 

0-499 
'5 

0-492 

14 

0-49£i 
'4 

0-3DO 

58 

0-387 

5+ 

0-380 
5* 

-.{?: 

0-667 

0-644 

O-GM 

0-439 

0-431 

0-436 

IQ 

17 

'3 

9° 

lol 

96 

p{?: 

0-176 
6 

0  174 

0-176 
9 

0146 

4^ 

0142 

51 

0-144 
47 

'{?: 

0-029 

0  033 

0-031 

0-016 

0-012 

0-014 

1 

299 

J+o 

330 

355 

198 

J>7 

Ilarmonie  Anali/m  of  Tidal  Obtervatiotu. 


Diamond  Harbour. 
Commenoe  0  li.,  April  4. 


Kidderpore. 
Comnuooe  0  K  Uuch  22. 


I«r 

1881^2. 

1882-3. 

Mean. 

1881-2. 

1882-3. 

Mean. 

'{?: 

0-024 

o-osa 

0  030 

0  039 

558 

0  039 

0  059 
9 

'{?: 

0  174 
357 

0-347 
344- 

0  261 
351 

0-201 
86 

0  173 

61 

0  187 

74 

»{?: 

0  988 
3J9 

0-914 

34'> 

0-951 

339 

0-677 

48 

0-599 
46 

0-688 

47 

4?: 

0171 
'9 

0  058 

196 

■0  115 

337 

0-126 
■3" 

0  076 

84 

0-101 

'{?: 

0-420 
2S4 

0  186 

:i84 

0-303 

189 

0-329 

358 

0  152 
349 

0  238 

3,<J 

'{?: 

0  272 
79 

0-333 
90 

0-303 

0-224 

■74 

0-260 
190 

0-2« 

»{?: 

0-216 

0-216 

0-1G7 
77 

0  167 

77 

^{f: 

0-078 
55 

0-078 

55 

0  147 

107 

0  147 

107 

!  "«{?: 

0-687 

i86 

0-702 

1B4 

0-695 

^85 

0-646 
31 

0-G43 

0-646 

gi 

' »»{": 

0-005 

»5' 

0  063 

190 

0  074 

171 

0-084 

355 

0  086 

9 

0  086 

».{?: 

0-W7 

0  057 

351 

0  102 

0-316 

0-172 
34' 

0-244 
35' 

>"{?: 

0-1B7 
J6 

0  142 
4' 

0-160 
39 

0  301 
4' 

0-293 
3« 

0-297 

38 

Maf|J^  = 

0-401 

0-601 

40 

0-451 
33 

0-829 
35 

0-920 

43 

0-875 

39 

».{?: 

1011 

140 

1189 
147 

1-100 

143 

2-809 

■57 

2-670 
'57 

2-740 

■57 

-{.-: 

0-028 

«4 

0  109 

0  066 
7' 

0-935 

«>5 

0-708 

334 

0-8B2 
169 

Major  A,  W.  Baird  and  Prof.  G.  II.  Darwin. 


(a)  Elephant  Point. 

(a)  ConuDCDce  0  b.,  Maj  81. 


Table  II. 

Coiamvoce  0  li.,  MnruL  1, 


Tear 

1880-1. 

1880-1. 

1881-2. 

1882-8. 

U^u. 

■      ''{f' 

0118 

0  120 
■4' 

0  128 

"9 

0-097 
"9 

0-113 
<33 

«.{f: 

2-337 

'43 

2-009 
T69 

2-003 
170 

2-025 
'7' 

2-012 

J  70 

8.{ft 

0  087 

0-076 
ifti 

0-088 
156 

0-079 
158 

0-081 

«•{.": 

0  031 
9* 

oon 

4= 

O'Oog 

39 

o-ou 

*3 

0-010 

4B 

«.{f: 

0  006 

6o 

0-006  _ 

0  003 

0-005 

0-005 

«.{": 

0  019 

SB 

0-049 

'5> 

0-087 

0-013 
■63 

0-033 
183 

«4f: 

6  870 
103 

6-539 

5-519 
'31 

5-577 
'3' 

5-545 
■3' 

M.{=: 

0'025 
.+6 

0  009 
138 

0  016 
'54 

0-038 
141 

0-021 

M,{« : 

0-079 
46 

0-3S8 

16; 

0 -424      . 

0-418 

0-410 
i',9 

M.{f : 

0-305 
J49 

0-236 
»5 

0-227 
89 

0-236 

«7 

0-233 

8? 

M^- 

O'Oai 

0-07* 

'°i 

0-087 

96 

OORl 

97 

o{f : 

0'349 
356 

0-289 
30 

0-291 
>7 

0-300 

0-2!t4 
18 

j^.{f: 

0-807 
18 

0-674. 
3S 

0-682 
35 

0-653 
36 

0  C70 
35 

='{": 

0'401 

0-535 

0-57G 

16s 

0-570 

169 

pj^ " 

0  1!13 
33 

0  134 

0  1*3 
51 

0-1G6 
53 

0-149 
55 

J  j;^  ' 

0-110 

0-049 

0-023 

0-018 
.98 

0-030 
33 
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(a)  Elephant  Point, 
{a)  CsmnMnos  0  h.,  lt»j  H. 


Rangoon. 
Commence  0  b.,  Uuvh  I, 


Fmt 

1S80-1. 

1880-1. 

18S1-3. 

l»h2  3. 

Ueu.. 

«{?: 

0-012 

0-029 

0-024 

0-028 

0-027 

136 

9 

i? 

5* 

31 

Hf- 

0-346 

109 

0-863 
"5J 

0  827 

iSS 

0-626 

160 

0-407 

■57 

K{f: 

1-54S 

8o 

1015 

0-919 

0-977 
"5 

0  990 
"7 

x{f  ; 

0-659 

0-299 

0-290 

0-181 

0-257 

'45 

■74 

184 

"5i 

170 

yl^' 

0-681 

0-479 

0-2SS 

0-184 

0'317 

IDS, 

94 

75 

130 

100 

'{?: 

0-356 

0-497 

0-608 

0-636 

0-514 

^'9 

189 

^95 

i8(i 

190 

s{fz 

0-117 
66 

0-117 

Hf- 

0-290 

1:8 

0-290 

118 

"={?: 

■  0  136 

0  319 

0-415 

0-301 

0  386 

«7 

107 

111 

110 

110 

zaMJi^  2 

0-012 
84 

0  173 

0  155 

54 

0-16S 

0-160 

54- 

"»{?: 

0-145 
6 

0-296 

0-230 
9 

0-182 
39 

0  236 
"J 

ufifz 

310 

0-16S 
35 

0-223 

0-233 

39 

0'203 
34 

TdStif2 

0  059 

»73 

0-515 

45 

0-559 

5> 

0  588 
4» 

0-554 

49 

«•{? : 

0-930 
1+6 

1-600 
144 

1-415 
■53 

1-441 
■5' 

1-486 

■5" 

S"{f: 

0-261 
.*8 

0-193 
306 

0-012 
3'5 

0-171 
3 

0-126 
3^8 

.{:■: 


s 


<: 


H 


H 


s.{ 


M, 


{?: 


H 


M,{ 


0-426 

0  143 

1/8 

149 

2-851 

2-705 

109 

lOI 

0  095 

0-118 

'47 

102 

0-022 

0  004 

222 

221 

0  009 

0-006 

209 

348 

0-041 

0.021 

192 

273 

6-230 

6  081 

70 

68 

0-084 

0  003 

287 

224 

0-273 

0-423 

60 

5» 

0-070 

0  146 

257 

248 

0-006 

0-014 

282 

244 

0-096 
97 

0-222 

1 

2-750 

105 

2-769 

105 

0  104 
117 

0  106 
122 

0  009 
119 

0  012 

187 

0  009 
269 

0  008 

276 

0  035 

3CX) 

0-032r 

255 

6-389 

68 

6-233 

69 

0-019 

273 

0  019 
261 

0-355 
4' 

0-350 

51 

0-139 
251 

0  118 
252 

0  021 

220 

0  014 

24.Q 

0  ( 

li 

1-4 
M 

0-0 

23' 

0-0( 

17^ 

00c 

164 

0-03 

128 

3-88^. 
112 

0-023 

274 

0-926 
169 

0  105 

200 

0-034 
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Table  IT. 


Amherst. 
Commence  0  h.,  August  5. 


Moulmein, 
Commence  0  h.,  April  17. 


Tear 


Ht-. 


Hf 


H 


{ 


1880-1. 


i{ 


H 


^{f 


2Sm/ 


H 


Sa 


{ 


H 


«-{«'' 


0-064 

325 

0-226 
112 

1-374 

60 

0-393 
113 

0-426 

186 

0-443 
278 


1881-2. 


0-285 

90 

0  188 

345 


0-060 
3ii 

0-303 

120 

1-248 
51 

0-280 

65 

0-283 

267 

0-247 
299 

0-461 

0-841 

144 

0-406 
80 

0-150 

28 

0  152 
43 

0-062 
315 

0-080 
76 

0-638 

150 

0-188 
139 


1882-3. 


0  039 

0-348 
103 

1-343 
5» 

0-226 

178 

0-566 
79 

0-220 

3i6 


Mean. 


0-350 

76 

0-115 
16 

0  038 

5* 

0-132 

0  029 
66 

0-814 
130 

0  124 

33i 


0-054 
3*i 

0-292 
112 

1  322 

54 

0-300 
119 

0-425 
177 

0-803 

301 

0-451 

0-841 
144 

0-347 

82 

0  151 
10 

0-095 

48 

0-097 

350 

0-055 
71 

0-726 

140 

0  156 


1880-1. 


0-043 

5i 

0-204 
134 

0-735 

97 

0  161 

152 

0-314 

lOI 

0-308 
272 


1881-2. 


0-741 

210 

0  127 

38 

0-409 

3 

0-282 
4* 

1088 
43 

2-460 

145 

0-563 

283 


0-054 

55 

0-390 

155 

0-672 
106 

0-249 

182 

0-215 
91 

0  -314 

^59 

0-097 

70 

0-200 
no 

0-701 

209 

0-137 

40 

0-441 
17 

0-379 

40 

1-097 
48 

2-389 

153 

0-653 

284 


1882-3. 


0-039 

53 

0-242 
129 

0-630 
102 

0-118 
162 

0-169 

58 

0-316 

280 


Mean. 


0-693 
214 

0-109 

37 

0-229 
21 

0-342 

40 

1-146 
46 

2-453 

149 

0-593 

295 


0-046 
53 

0-279 
139 

0-679 
102 

0-176 
165 

0-233 

84 

0-313 
270 

0-097 
70 

0-200 
no 

0-712 
211 

0-124 
38 

0-360 

0-334 

41 

1-110 

46 

2-434 
149 

0-603 


^B^^^^^^^B 

J     172 

Majc 

rA.  W 

Baird 

and  Prof.  G.  H 

Darwia. 

Table  II. 

Por(  ^^uir. 

Fort  Foml,  Oali/orma 

Comnience 

Ob.,  April  19, 

Commence  0  h.,  OcIqW  1 

Tear    .... 

1880-1. 

rS81-2, 

i8ft2-3. 

Meau. 

1868-9. 

1859-60 

1860-1. 

M 

».{?: 

ooae 
49 

0-018 
3i 

0-ois 

3' 

0-OZl 
38 

O'OIE 

0 

<: 

i'6 

0-978 
3U 

0-959 
315 

0-868 
3>5 

0-407 
334 

0-880 

336 

0-382 
336 

0 

».{?: 

0-003 
107 

0-001 

86 

0-004 
59 

0  003 

84 

».{?: 

0-002 
'5^ 

Dooa 

V9 

0-002 
14* 

0-002 
131 

«.{:■: 

0  002 
*8 

0-002 

88 

0-001 
5.( 

0-002 

«.{?: 

0  016 

o-oor 

=54 

0-008 
^38 

0-010 

0  084 

98 

0-037 
173 

0-044 

139 

0 

".{= : 

2-042 

179 

2-011 
17; 

2-UlO 
178 

3-022 
:i78 

1-722 

331 

1-659 
333 

1-6S5 
33' 

I 

".{" : 

0  004 

0-011 

0-OO7 
.6 

0-007 

16 

».{?: 

0003 
167 

0-011 

0-011 
■58 

0-008 
'5' 

0-O(iG 

16 

0-074 
30 

0-072 

0 

"•{" : 

0-004 
341 

0-002 
106 

0000 

4= 

0-002 
317 

«■{" : 

0-003 

0-002 

0-002 

0-002 
70 

o{?: 

0-153 
;99 

0-162 
3°4 

0-lGG 
302 

0-160 

301 

0-769 
8* 

0-766 
89 

0-814 

85 

0 

«.{?: 

0-403 
3»6 

0-397 
3-'? 

0-391 
31J 

0-397 
3'7 

1-217 
106 

120(1 

1-232 

107 

1 

Mf: 

0-286 

314 

0-290 
308 

0-264 

3'° 

0-28S 
3" 

0-139 
336 

0-143 
3>8 

0-122 

3iJ 

0 

p{?: 

0-130 
3H 

0-137 
3  =  7 

0-131 
3i« 

0  131 

3=S 

0-3G7 
107 

0-360 
106 

0-387 
104 

0 

'{:■: 

0-038 
3.6 

0-030 
3=4 

0-014 
333 

0-027 
3  =  5 

0-072 
130 

0-034 

0-0S3 
10s 

0 
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Table  II. 


Tort  Blair, 
Commence  0  h.,  April  19. 


Fort  Pointy  California, 
Commence  0  h.,  October  1. 


/    Tear    . 

1880-1. 

1881-2. 

1882-3. 

Mean. 

1858-9. 

1859-60. 

1860-1. 

Mean. 

'    Q{.^ 

= 

0  023 
236 

0  027 
242 

0  023 

233 

0  024 
237 

0  147 

78 

0-094 
5+ 

0  123 

90 

0-121 
74 

« 

0  059 

269 

0  098 

290 

0  046 

258 

0-068 

27i 

0  053 

300 

0  060 
18 

0-064 
335 

0  059 
338 

= 

0-413 

273 

0-392 
*73 

0-391 

277 

0-399 
i74 

0-406 

305 

0-357 

307 

0-359 

305 

0  374 

305 

- 

0  035 
229 

0  046 
3" 

0  047 
301 

0-043 

280 

0-038 
9 

0  029 

338 

0-012 
326 

0  026 

345 

I* 

= 

0  148 

294 

0-137 

254 

0-079 
214 

0-121 

25+ 

0  107 

288 

0  040 
274 

0-045 

0-064 
305 

=s 

0  094 

288 

0-089 
298 

0  074 

291 

0  086 

292 

0-028 

0  032 
210 

0-026 
214 

0  029 

227 

0  020 

3^6 

0  020 

326 

0  008 

63 

0-008 
63 

TJII 
I* 

s= 

0  099 
313 

0  099 
313 

0-014 
198 

0  014 
198 

MS{« 

= 

0  004 

0  016 
206 

0-007 
284 

0  009 

215 

0  026 
i3 

0-034 
14 

0-032 

25 

0-031 
21 

2Sm{H 

=- 

0  021 
149 

0-020 
168 

0  028 
146 

0  023 
>54 

Mm{H 

ss 

0  020 
13 

0  017 
26 

0  005 
21 

0  014 

20 

Hf{Jt 

= 

0  056 

356 

0  067 

»5 

0  048 
17 

0  057 

9 

M8f{H 

^ 

0  019 
168 

0-007 

4 

0  018 
9 

0  015 
61 

«'{f 

= 

0-299 
163 

0-062 

133 

0-251 
156 

0-204 
150 

8.a{,H 

3S 

0-106 
165 

0-134 
197 

Olio 

170 

0117  ' 
177 

Major  A.  W,  Bainl  and  Prof.  G,  H.  Darwin. 


(d)   San  Diego,      (h)  Port  Leopold,     (c)  Beeehei/   Island. 

hlaud.     {e)  Totdoii. 

(a)  Com.  0  h.,  Jan.  1.     (i)  Com.  0  h.,  Not.  1,  1845,  to  July  31. 1849, 
0  1l.,  Not.  2.  1858,  to  Feb.  28,  1850.     (rf)  Com.  0  h.,  Jan.  1.     {c) 

{a)  (a)  (a)  (IJ  (0)  (rf) 


id)  Cot 

(<■)  Com, 
Com.  Oh., 

w 


Tear  .... 

ISGO. 

18^1. 

M«>ti. 

1&48-9. 

1868-e. 

1848. 

1853. 

«.{?: 

O'oao 
219 

0-026 

246 

0-028 
138 

0-081 

17 

0  044 

0-010 

IB6 

=.{?: 

oGor 

i?3 

D-soa 

*7J 

0-G95 
J74 

D-MS 

3S 

o-eae 

14 

0  068 

0-090 

'SO 

»'{?: 

O'OOT 
187 

0-005 
111 

0-006 

104 

0-ttt7 
»57 

0-002 
198 

«.{f: 

»■{?: 

".{?: 

0  04S 

0-051 
98 

0  049 

106 

0*045 

0-007 
16 

0-010 
3'9 

M^: 

1-718 

^75 

1-712 

i77 

1-71E 
176 

2-001 
338 

1-996 

347 

0-116 

0-190 

«■{." : 

0-007 
17 

0  007 

0  007 

0-004 

«.{?: 

002s 

i°5 

0  027 

0-038 

103 

0-015 

0-024 

168 

0  011 
349 

■".{? : 

0-010 

0  013 

0-012 

84 

0-002 

«.{?: 

0  001 

«{?: 

0-094 

o-ens 
78 

0-6!lti 
78 

0-443 

164 

0-488 

0-479 

J>5 

0-059 

K,{f: 

1-097 
9* 

1-096 
95 

1-096 
»4 

0-899 

0-901 
^♦3 

0-&25 
315 

0-116 

K,{f : 

0-210 

160 

0-203 

»67 

0-KI7 
»<3 

0-176 

0-lBl 

S4 

0-028 

0  024 

154 

p{f: 

0-3S2 
9' 

0'361 

0-357 

90 

0-216 
III 

0-215 

0-15« 

J11 

0-041 

'{?: 

0-068 
S.6 

0-100 

103 

0  084 

0-03B 

297 

0-008 
'S 
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Table  II. 

(o)  San  Diego,  (h)  Port  Leopold,  (c)  Beechey  Island,  (d)  Cat 
Island,     (e)  Totdon. 

(a)  Com.  0  h.,  Jan.  1.  (6)  Com.  0  h.,  Not.  1,  1848,  to  July  31,  1849.  (c)  Com. 
0  h.,  Not.  2,  1858,  to  Feb.  28,  1859.  (d)  Com.  0  h.,  Jan.  1.  {e)  Com.  0  h., 
Jan.  1. 

(»)  («)        («)         (»)         W         (<0        w 


X6S7      •  •  •  . 


«{f: 

Mm{f: 


H 
H 


H  = 
H  » 
H  =- 


8a 


{? 


Ssa 


{ 


H 


1860. 


0-129 

73 

0033 

o 

0-415 
258 

0069 
179 

0  134 

z6i 

0  039 
244 


0-006 
188 


1861. 


0-160 
77 

0  005 

0-440 
261 

0-049 
268 

0-070 
233 

0-015 

0-010 
^53 

0  041 

319 

0  012 

191 


Mean. 


0-145 

75 

0  019 

344 

0-428 
z6o 

0  059 
224 

0-102 
247 

0  027 

240 

0  010 

153 

0-041 
319 

0  009 
189 


1848-9. 


0  044 
3 

0  420 
306 


1858-9. 


0  080 

47 

0-429 
315 


.  •    •  •   9  r 


184S. 


0  091 

307 

0  012 
33 

0  026 

33 


0-094 
304 

0  069 
13+ 

0-095 

336 

0-274 
H5 

0-128 

35 


1853. 


0  006 
242 

0-007 
224 

0-046 
240 

0-003 
10 

0  008 
219 

0  007 
219 


0  061 
228 

0-045 
118 

0  018 

53 

0  157 

279 

0  090 
144 


Major  A,  W.  B«ird  aiiil  Prof.  G,  H.  Diu-iviii. 


Amherst. 

MouUnein. 

'                OonuneniM  0  h.,  knguA  6. 

N.B.— Tbs  HS.  giTBs  H  of  E,-l  -771  for  1880-1 )  m  otmouB  mitlttke.     Tbe 
has  been  oorrectcd. 

me«, 

Tear 

isao-i. 

1881-2. 

1882-3 

U«ui. 

1880-1. 

1S81-2. 

18  82-3 

Mean. 

B.{.": 

0-426 

178 

0-113 

0  096 
97 

0-222 
141 

0  096 
■46 

0-099 
'55 

0-096 
1+8 

0-0(« 
149 

M.°: 

3 -661 

109 

S-70S 

a '760 

2-769 

ICJ 

1-400 
148 

1-344 
'45 

1-843 
150 

1-362 
148 

».{?: 

0-095 
'47 

0-118 

0'104 

0-106 

0-068 
130 

0-069 

0-065 

0-067 
119 

".{?: 

0-023 

0-00* 

0-009 
119 

O-0J2 

1B7 

0-00(1 

0-006 

0  004 
I8i 

0-005 
'Sj 

M?: 

0-009 

0-006 

0-009 

169 

0-008 
176 

0-002 
.64 

0-001 

151 

0-002 

218 

0-002 

«.{?: 

0-0*1 
191 

0;oai 

-7J 

0-036 
300 

0  03^ 

0-034 

0-019 

0-002 
Ifcj 

0-018 

■38 

«■{?: 

6-230 

70 

6-081 
fig 

6-389 
68 

6-233 

69 

3-584 

3-698 

3-756 
"5 

3-779 
"3 

>•.{?: 

0-034 

1B7 

0-003 

0-019 

173 

0-019 
161 

0-023 

174 

0-031 
"5 

0-020 
'39 

0-02S 
log 

».{?: 

0  273 

60 

0-423 

5" 

0  356 

4' 

0-350 
51 

0-926 
169 

0-S80 
■  70 

0-BS7 
174 

0-901 
17' 

».{?: 

0-070 

0  146 

.+8 

0-139 
351 

0-118 

151 

0-105 

0-107 
198 

0-OS3 

0-102 

«.{?: 

0-006 

181 

0  014 
>44 

0-021 

0-014 

149 

0  084 
'15 

0  03S 
'4' 

0-044 

'34 

0-O3S 
133 

o{?l 

0-310 
J 18 

0-319 
359 

0  323 

35^ 

0-317 

339 

0-2B6 
44 

0-252 

49 

0-252 

5° 

0-253 
48 

-■{^: 

3 

0.686 

0-744 

5 

0-462 

39 

0-417 

40 

0-414 

41 

0-438 

".{.": 

0-771 

9' 

0-8S8 

0-682 
97 

0-770 

90 

0-409 
'5' 

0-282 
'Ji 

0-3IG 

'55 

■■{": 

0-132 
J08 

0-103 
348 

0-207 
354 

0-177 

33J 

0113 
61 

0-144 

0-144 

57 

0  134 

'{°: 

OlOS 
13 

0-083 

0-O3I 

0  074 

34 

0-038 

0  018 
48 

0-0(r8 
111 

0-022 
107 

Harmonic  Analysis  of  Tidal  Observations. 


171 


Table  TI. 


Amherst, 
Commence  0  h.,  August  5. 


Moulmein, 
Commence  0  h.,  April  17. 


Year 


1880-1. 


0  064 
0-226 

112 

1-374 

6o 

0-393 
"3 

0-426 
i86 

0*443 

278 


1881-2. 


0-285 

90 

0-188 
345 


0  060 
3ii 

0-303 

120 

1-248 
51 

0-280 

65 

0-283 

267 

0-247 

299 

0-461 

25* 

0-841 
144. 

0-406 
80 

0  150 

28 

0  152 
43 

0-062 

315 

0-080 
76 

0-638 

150 

0  188 

139 


1882-3. 


0  039 

3Jt* 

0*348 
103 

1-343 

51 

0-226 
178 

0*666 
79 

0-220 

326 


Mean. 


0-360 

76 

0*116 
16 

0-038 

5* 

0  132 

*4 

0  029 

66 

0-814 
130 

0-124 

33* 


0-064 
3** 

0-292 
112 

1  822 

54 

0-300 
119 

0*426 
177 

0-803 
3o> 

0*461 

*5* 

0-841 
144 

0-347 

82 

0-151 
10 

0-095 

48 

0  097 

350 

0-065 
71 

0*726 
140 

0-156 

*35 


1880-1. 


0-043 

53 

0*204 
134 

0-786 

97 

0-161 

15* 

0*314 
Id 

0*808 

272 


1881-2. 


0-741 
210 

0  127 

38 

0-409 
3 

0-282 

42 

1-088 

43 

2-460 

H5 

0-563 

*83 


0-054 

55 

0-390 

155 

0-672 
106 

0-249 

182 

0-215 
91 

0  -314 

259 

0*097 

70 

0-200 
no 

0-701 

209 

0-137 

40 

0-441 
17 

0-379 

40 

1097 
48 

2-889 
"53 

0-653 

284 


1882-3. 


0-039 

53 

0*242 

129 

0*630 
102 

0*118 
162 

0-169 

58 

0-316 

280 


0-693 
214 

0-109 
37 

0-229 
21 

0-342 

40 

1-146 
46 

2-453 

149 

0-593 

*95 


Mean. 


0-046 
53 

0-279 
139 

0-679 
102 

0-176 
165 

0-288 

84 

0-318 

270 

0  097 

70 

0-200 
no 

0-712 
211 

0-124 
38 

0-360 
14 

0-334 
41 

1-110 

46 

2-434 

149 

0-603 

*87 


J 


^^^H 

■ 

■ 

■ 

e 

■ 

■ 

^^^1 

172 

JIaj 

r  A.  W 

Baii-d 

aud  Prof.  G.  H 

Darmn, 

1 

\ 

Table  II. 

1 

f 

P«r(  7(/utr. 

Fort  Poiul,  Cali/o 

n,-a. 

Commenco  0  h.,  April  19. 

ComDience  Oh.,  October!. 

T«r    .... 

1880-1. 

1881-2, 

1882-3. 

Mean. 

1858-9, 

1859-60 

1860-t, 

Mean. 

».{?: 

0'028 
49 

O'0I8 
35 

0  'Oie 

3' 

0'031 
38 

O-OIE 

0-015 

^?: 

0'966 

0  978 

0  059 
31s 

0-968 
3'S 

0-407 
J34 

0-380 

J36 

0-382 

33* 

O'sao 

3j6 

Mf: 

0-003 

OOOX 

0-004 
J9 

O'OOS 
84 

».{?: 

0  002 

O'OOS 
V9 

0-002 
141 

0  002 
'3' 

Mf: 

0'002 
98 

0-002 

0  001 

0-002 

".{;■: 

0  016 

0-007 
^54 

0-008 
138 

0-010 

0-034 

0  0.17 
'73 

0  044 
139 

0-03S 

Mr, 

E'042 

^79 

2  0U 

^77 

8 -010 
i7« 

2-022 

1-722 
331 

333 

1-68S 
331 

1-G89 
33' 

Mf: 

0  004 

o-oii 

0-007 
16 

0007 
16 

M.{n  : 

0  003 
167 

0-01 1 

O'on 

■S8 

0-008 
■5> 

oofie 

0-074 
30 

0  072 
'5 

0  07! 
'4 

M,|;«  : 

0-004 
3+i 

0-002 
106 

0-000 

O-002 
3>? 

"■{" : 

0  003 
■9 

0-002 

0'002 

0-002 
7° 

"{:': 

0  153 
-99 

0-162 
J04 

0-166 
301 

0-160 
301 

0-769 
89 

0-756 
89 

0-814 
85 

0-780 
«7 

^.{.'•: 

0-403 
316 

o-ao7 

3^7 

0-3D1 
337 

0  397 

3>J 

1-217 
106 

1-209 

107 

1-233 
107 

1-219 

^.{?: 

0'2B6 
314 

Q-29G 
30M 

0-2S4 

JiO 

0'2BE 
3" 

0  139 
3J6 

0148 

3^8 

0  122 
3»S 

0  135 

330 

'{?: 

0'130 
3H 

0  137 
31; 

oist 

3^6 

0-154 

3^6 

o-ae? 
107 

0-306 
106 

0-387 

104 

0-.-i73 

'{«: 

0-038 
i'6 

O'OSO 
3=4 

0  014 

333 

0-027 
3J5 

0-072 

0  034 
1*7 

0-053 

'OS 

0  053 

Harmonic  Analysis  of  Tidal  Observations. 


173 


Table  II. 


Port  Blair, 
Commence  0  h.,  April  19. 


Fort  Point,  California, 
Commence  0  h.,  October  1. 


X  cftr    •  •  •  • 

1880-1. 

1881-2. 

1882-3. 

Mean. 

1858-9. 

1859-60. 

1860-1. 

Mean. 

0  023 
236 

0-027 
242 

0  023 

233 

0  024 
237 

0-147 

78 

0-094 

54 

0  123 

90 

0  121 
74 

0-059 
269 

0-098 

290 

0  046 

258 

0  068 

27a 

0-053 

300 

0  060 

18 

0-064 

335 

0  059 

338 

0-413 

273 

0-392 

i73 

0-391 

277 

0-399 

274 

0-406 

305 

0-357 

307 

0-359 

305 

0-374 

305 

I*    — 

0  035 

229 

0-046 
3" 

0  047 
301 

0  043 

280 

0  038 
9 

0  029 

338 

0-012 
326 

0-026 
345 

/H  = 

0-148 

294 

0-137 
354 

0  079 
214 

0-121 

254 

0-107 
288 

0-040 

274 

0  045 

352 

0-064 

305 

H  = 

0  094 

288 

0-089 
298 

0-074 
291 

0-086 
292 

0-028 
257 

0  032 

210 

0  026 
214 

0-029 
227 

K{f: 

0  020 

326 

0-020 
326 

0-008 
63 

0-008 
6i 

^{f: 

0-099 
3»3 

0-099 
313 

0  014 
198 

0  014 

198 

MS-  ^  = 

0  004 
>53 

0  016 
206 

0  007 
284 

0-009 

215 

0-026 

23 

0  034 

0  032 

25 

0-081 

21 

2Sm|^  '' 

IK      — 

0-021 
149 

0  020 
168 

0-028 
146 

0-023 
«54 

Mm  - 

0  020 
»3 

0  017 
26 

0-005 
21 

0  014 

20 

M^U^: 

0  056 

356 

0-067 
J5 

0  048 
17 

0  057 

9 

Mstjji: 

0-019 

168 

0  007 

4 

0  018 
9 

0  015 
61 

«"{.": 

0-299 
163 

0-062 
133 

0-251 
156 

0-204 

150 

1 

0-106 
165 

0  134 
197 

0  110 

170 

0  117 
177 

Slajor  A.  W.  Baird  ami  Piof.  G.  11.  Darwin, 


Table  11. 

Comment'e  0  h.,  September  1. 
S.fl.— fff/errerf  to  O.M.T. 


^- 

18B7-8. 

1S58-0. 

18B9-60. 

M»m. 

s.{?: 

7o 

0070 

6a 

0-0S4 

57 

0-0(36 
61 

».{f: 

8215 

3-312 

3-lftt 

3-240 

M?: 

0-Otil 
32i 

0-060 

0-04H 

^95 

0056 
J16 

"•{?: 

»■{?: 

«■{?: 

0016 

0-042 
314 

0-004 
'59 

0-020 

3J« 

"■{?: 

10  038 

317 

10-13ti 
317 

10130 
3^6 

10-100 
3:6 

M.{»  ; 

0-ni 

331 

0-103 
3'7 

0-159 
3H 

0  131 
3H 

K.{f: 

0-737 

0-700 
no 

o-efi8 
2*5 

0-702 

».{?: 

0302 

344 

0-209 

ir- 

0-224 

348 

0-211 

548 

1,  rH  = 

0-067 
2*4 

0-092 

^8J 

0-073 
166 

0  077 

<>{": 

0-874 

45 

0  361} 
4' 

0-400 

0-377 

43 

it,{»: 

0-854 
'95 

0-3(i2 
197 

0-357 
1B9 

OSES 

'94 

>=.{?: 

0-9CM 
9 

1001 
9 

0-913 
3 

0-939 

p{f  ; 

0-125 
191 

013* 
.36 

0-I31 
189 

0  130 

'9* 

•>{?: 
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Table  II. 

Livayool. 

CommeDM  0  h.,  September  1. 

If.B.— adored  to  O.M.T. 


T«« 

1857-8. 

1S5S-9. 

18S9-G0. 

Uean. 

«{?: 

«■{?: 

0-«8 

330 

0'681 

4 

0'530 

34-1 

0-640 
34S 

"{f : 

1-930 

304. 

1-819 

JIO 

2- 019 

306 

1-923 

306 

i{f : 

0-424 

3ii 

0-2SS 
3i« 

0120 
'3 

0-269 
337 

vi^' 

0-769 
308 

0-651 

'85 

0-291 

163 

0-570 

28s 

'{?: 

0-308 

33 

0-241 
44 

0-823 

3< 

0'291 
38 

*{?: 

0-101 
46 

0082 

+6 

0  092 

46 

^{f: 

0-349 

348 

0  121 
JI7 

0  236 
333 

Ms{f : 

0-«4 

171 

0-361 

167 

0-397 

040* 

2Sm|^  ° 

0-140 
106 

0-166 
116 

0  161 
118 

0  152 
116 

"»{? : 

0-053 

189 

0-28S 

3i 

0-186 

1J3 

0  147 

'65 

>"{?: 

0-064 

175 

0027 
•59 

0  018 

89 

0OS6 
141 

M8t{f  ~ 

0-071 

0-021 
J»4 

0-081 

301 

0068 

B.{f: 

0-369 

0-284 
'59 

0'3S3 

0-332 

=-{?: 

0-090 

'4* 

0-104 

0-190 

0  128 

"7S 

Major  A.  W.  Baird  and  Prof.  G.  H.  Darx\-iii. 
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Table  ir. 

Oommpticc  0  b.,  Januar;  Si. 
If. B. —Referred  to  O.M.T. 


T™p 

1866-7. 

1867-8. 

1868-9. 

1869-70. 

Me*n. 

'.{fZ 

0-0*7 

0  035 

0  040 

0-038 

0-038 

39 

66 

"14 

83 

Hfz 

3  130 

8-099 

3iaa 

3-052 

3  101 

" 

" 

" 

■4 

" 

».{f: 

0-048 
3 '4 

O'OGS 
317 

O0G4 
198 

0-051 
3 '3 

0-058 
3 '3 

«■{?: 

».{?: 

«.{?: 

O'OSS 

0-028 

0049 

0-043 

0-039 

30+ 

i6i 

'9 

39 

336 

Mf- 

9-901 

316 

9-906 

3!6 

9-807 

3>7 

S-OII 

9-881 

".{?: 

O'OSl 

0  097 

0-111 

0-098 

0097 

336 

323 

314 

«.{?: 

oru 

"S 

0>673 

0-6S9 

"5 

0-383 

Hi 

M'z 

0-1S4 

0-174 

0-172 

0'205 

0-184 

344 

347 

350 

358 

350 

"{?: 

0-OS8 

0-058 

0-059 

0-070 

0  061 

183 

'79 

191 

187 

^85 

o{?: 

0-879 

D'331 

0-398 

0-357 

0-366 

4" 

4' 

39 

36 

40 

!!,{f: 

0-373 

0-332 

0-344 

0-3C2 

0-3B3 

191 

'S7 

194 

.96 

'95 

Mfz 

0-84G 

1-021 
9 

3 

1 

0-934 

7 

■■{?: 

0-141 

0-136 

0-133 

0-094 

0-12G 

.78 

'99 

'?4 

167 

180 

'{?: 
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Table  II. 

Liverpool. 

Comtnence  0  h.,  Janaarj  23. 

N.B.— Referred  to  G,M.T. 


Year 

1866-7. 

1867-8. 

1868-9. 

1869-70. 

Mean. 

«{?: 

• 

-{t-. 

05S0 

296 

0-491 
331 

0-476 

347 

0-665 

337 

0-521 

328 

"{?: 

2083 
302 

1-845 
308 

1-774 
306 

1-843 
303 

1-888 
305 

4?: 

0  228 

356 

0-209 
0 

0  192 
317 

0-187 

3«o 

0-204 

336 

■i.": 

0692 
i7j 

0-4S7 

267 

0  138 
310 

0-675 
331 

0-488 

297 

'{?: 

0-233 

33 

0-212 
31 

0-242 
62 

0-220 
3<5 

0-228 

41 

-{?: 

0-447 

0-400 

0-395 

0-387 

0-407 

270 

271 

268 

a7i 

270 

2sm{=: 

0-134 

0  112 

0136 

0  118 

0125 

222 

i^S 

»»5 

»35 

227 

Mm-        "" 

0-064 
260 

1%  ••  ••  •• 

0*064 
260 

Mf  ^  " 

0  057 

344 

•*  ••  •••• 

0  057 

344 

MSffjf: 

0-051 
68 

0  051 

68 

-{=: 

0-452 

i7a 

>* •••• ** 

0-452 

272 

M=: 

0-185 
229 

•••••••• 

0-185 

V9 

184  Major  A,  W.  Baird  and  Prof.  G.  H.  Darwin. 


Table  11. 
Relbre  Island. 

■M  0  h.,  itmarj  1. 
X.B.—  Bfferred  to  O.M.T. 


Tew 

1868. 

1859. 

1860. 

isei. 

1862. 

18C3. 

«■{?: 

^={f: 

3  138 

a  177 

3 

3-1G3 

3-171 

S119 

3 

3120 

3 

8,{fz 

0-033 

3'= 

0033 

i'9 

0-029 
J98 

0030 
3i» 

o-o2e 

0-025 
300 

«.{f: 

^f: 

«.{?: 

0-008 

189 

O-OiS 

8 

0-036 
log 

0-023 
60 

o-oso 

i»5 

0-013 
167 

M,{f : 

9-768 
3>9 

9-763 

9 '929 
3 '9 

9-828 
31M 

9  740 

3W 

8-709 
3=" 

M,{f : 

o-io* 

J04 

D-09I 
1S8 

0-108 

307 

o-i« 

»78 

0079 

0II7 
179 

«^{^: 

0-*« 
116 

0-Ml 

"9 

0-m 

>'4 

0-4» 

0-409 

118 

0-500 

w.{f : 

0-06S 

37 

0-06B 
5> 

0-OSl 

16 

0-ffl6 

O-OfiS 

>8 

0  066 
36 

".{": 

0  018 

0-007 
5' 

0  012 
339 

0-J13 

0  011 
309 

0-013 
'3 

°{fz 

0-367 
♦I 

0-368 

0-361 
4J 

0  401 
4> 

0-379 
44 

0-377 

40 

s,{=: 

0-387 
'9* 

0  376 

187 

0-376 
186 

0-404 

I  as 

0  387 

188 

l«9 

^.ff: 

0-92S 

0-6S3 
3S5 

0-919 
35+ 

C-916 

0928 
3S4 

0-989 
5 

p{f: 

0-172 

184 

0-147 

180 

0181 
190 

*I31 
99 

0  163 

0-138 

'94 

j{«: 

0'02;i 

'5' 

0  018 
159 
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Table  II. 

Helbre  Island, 

Commence  0  h.,  January  1. 
N^,^Eef erred  to  OM.T, 


Year 

1858. 

1859. 

1860. 

1861. 

1862. 

1863. 

<: 

0-108 

0  099 

359 

334 

-{?: 

0-870 

0-561 

0-477 

0-424 

0-215 

0-315 

334 

354 

336 

3H 

256 

353 

^{f: 

1-855 

1-896 

1-794 

1-883 

1-847 

1-843 

296 

292 

291 

*95 

297 

296 

0  144 

0-204 

0  058 

0-202 

0-255 

0-182 

327 

»93 

H 

353 

357 

3*3 

'{?: 

0  189 

0-321 

0-221 

0-626 

0*371 

0-611 

268 

»74 

336 

^77 

210 

276 

fH  = 

0*033 

0-176 

0  076 

0-145 

0-026 

0-057 

80 

44 

30 

3a 

345 

73 

0-022 

18 

0  102 
291 

0-222 

3" 

0*406 
6 

M8{f: 

0-275 

0-206 

0-261 

0-310 

0-257 

0-270 

276 

^65 

272 

267 

277 

266 

I*    — 

0  182 

ai7 

0  122 

»30 

0-123 
^37 

0  126 

208 

0  126 
216 

0  123 

234 

Mm{f: 

I*    ■■ 

MSf  {,= : 

<: 

s-{f: 

• 

f 


Major  A.  \V.  Baird  and  Prof.  G.  H.  Darwin. 

Table  II. 

Helbre  Island. 

Coinmence  O  h.,  jBimBry  1. 

S.B.—Rtfrrred  fo  Q.M.T 


Yrar 

:864. 

1865. 

isea. 

1867. 

Me 

».{?: 

«.{?: 

3  080 
3 

3  093 

i 

3-106 

3-108 

31 

=.{?: 

0'03S 
309 

0  029 

0  030 

J"* 

0'034 
301 

o-( 

»■{?: 

».{f: 

«.{?: 

0-OOS 

166 

0-034 

0044 

336 

0-046 
1B4 

0-C 

".{?: 

9-728 

3!I 

9-788 

3  JO 

9-709 
J"? 

9-645 
3'9 

9-: 

31 

«.{?: 

0  104 

3"; 

0-077 
185 

0  107 
310 

0  110 

=9i 

0-1 

•^{J: 

0  51B 
"J 

O'SIO 

0  503 
J09 

0'494 

0'- 

«.{?: 

0  078 

0  089 

0'079 

0-072 
18 

0-t 

".{?: 

0-011 

ouoo 

348 

0-009 
J07 

338 

O'C 

«{?: 

0-341 

J7 

0-886 

4' 

0-363 
40 

0-357 
39 

o-i 

''.{f: 

0-388 

.8, 

0'416 
.89 

0-419 
185 

0-370 
187 

0'! 

s.{?: 

0-733 

0-919 

0-918 
351 

0-770 

357 

0-1 

5: 

'{?: 

0-13* 
i;6 

O'lSS 

O'leo 

0-13-1 
,8j 

"."■ 

'{?: 

0-018 

341 

0  0-U 

o-( 
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Table  II. 

Helbre  Island, 

Comxnence  0  h.,  January  1. 

2f.B.—Brferred  io  0,M.T, 


Tear 

1864. 

1865. 

1866. 

1867. 

Mean. 

<: 

0  121 

0-122 

0-113 

339 

350 

345 

'{?: 

V 

0-506 

0-554 

0-390 

0*466 

0*428 

356 

34» 

317 

341 

331 

1-923 

1-852 

1-824 

1-849 

1-867 

296 

295 

298 

297 

»95 

I*     = 

0-276 

0-263 

0-254 

0-106 

0  194 

334 

343 

343 

290 

334 

•{?: 

0-666 

0-683 

0-522 

0-173 

0-438 

289 

^95 

263 

291 

a78 

fH  = 

1*    = 

0-061 

0095 

0-012 

0  151 

0083 

II 

43 

331 

66 

34 

-{?: 

0  050 

0-026 

0*050 

344 

63 

359 

^{?: 

0-230 

0  158 

0*254 

356 

^11 

3^7 

0-314 

0-322 

0-290 

0  292 

0*280 

266 

264 

261 

260 

267 

2Sm{]^^ 

0094 

0  124 

0-104 

0  112 

0*119 

212 

210 

221 

230 

221 

Mf{H: 

MSf  {= : 

«»{f: 

«»{!^: 

Major  A.  AV.  Baiid  and  Prof.  G.  H.  Dar-nin. 


1,  Aden.    2,  Karachi.    3,  Okha.    4,  KathiwadaT.     5,  Bombay. 
6,  KancnT.    7,  Beypore. 


Too*. 

1879-83 

1868-63 

1874-5. 

1881-2. 

1878-82 

1378-83. 

1878-83. 

So.  of  T«n 

4 

15 

1 

1 

5 

6 

S 

«.{?: 

0-090 
i6i 

0082 

0  074 
ISO 

0-134 

0-078 
181 

0-007 
•J? 

0-OGl 
174 

Mf: 

0-687 

^8 

0-9M 

1-2B2 

14 

1-207 

Si 

1-622 

3 

0-6B4 
335 

0-330 
18 

=.{?: 

0  006 

0  010 
'4 

0  013 

1.7 

0-029 

>;3 

0  01  a 

'56 

o-oio 

0-006 
137 

».{f: 

0-004 

0-007 
»9S 

0-OOS 

0-013 
4* 

0-008 

171 

0-005 
5» 

0  005 
»4J 

..{?: 

0-001 
159 

0  001 

J04 

0-001 

0  002 

.64 

0-001 
"5 

0  003 

304 

0-001 
339 

«.{f: 

0  047 

0-044 

30 

0*061 
43 

0-067 
35 

0-oei 
49 

0-033 
41 

0  029 

73 

».{?: 

16G8 

119 

3-60* 

.*4 

3-820 

347 

2-B70 

55 

4-034 
33° 

1742 

0-931 

3'9 

H.{f: 

0-018 

ao9 

0  039 

330 

0-030 

0-020 
'5' 

0-066 

0-014 

173 

0-010 
'97 

Mf: 

0-007 
3'4 

0-0-^4 

•4 

0-136 

107 

0-220 

178 

0-124 

0-0S5 

0-O20 
4' 

".{?: 

C'OOS 
34' 

0-049 

0-007 
170 

o-iao 
137 

0-011 

0-011 

IB4 

0  007 

13a 

«.{f: 

0-003 
41 

0-005 

1*7 

0  011 

96 

0002 

199 

0-004 

3;' 

0-002 

0-008 

14« 

o{f: 

0-653 

38 

0-647 

47 

0-6S3 

0-720 
66 

0-650 
48 

0-497 

49 

0-3S0 

57 

-.{?: 

1-299 

1-281 
4* 

1-414 
53 

i-eu 

66 

1-393 
45 

1004 
4= 

0-70t 

■£={? : 

0  201 
»4+ 

0-278 

3J0 

0-328 

'7 

0-324 

79 

0-410 

35» 

0-174 
330 

0-080 

Hf- 

0-388 
53 

0'380 

4« 

0-384 

5° 

0-436 

7" 

0-402 
4» 

0-277 

41 

0-lQl 

S3 

'{?: 

0-103 

5> 

0  07B 

,0 

0-107 
81 

0-I7B 
107 

0  089 

0  068 

S7 

0  044 
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Table  III. 


1,  Aden,    2,  Karachi,     8,  Ohha,    4,  Kathiwadar,     5,  Bomhay, 

6,  Karwar,    7,  Heypore, 


3 


6 


Tears. 

1879-83. 

186a-83. 

1874-5. 

1881-2. 

1878-82. 

1878-83. 

1878-88. 

No.  of  years 
observed . . . 

4 

15 

1 

1 

5 

5 

5 

<: 

0-151 
4» 

0  129 
5» 

0  137 

59 

0  152 
68 

0-131 

5i 

0  114 

59 

0  081 

66 

tie    == 

0  046 

^30 

0  081 

299 

0-221 

23 

0-079 
261 

0'108 
316 

0  056 
317 

0  027 
348 

n{=: 

0-427 

"5 

0-600 

277 

0  -781 
322  * 

0-755 
34 

1-003 
314 

0-410 

282 

0  197 

305 

4=: 

0  026 

0-042 

0  073 

0-043 

0  082 

0  020 

0-011 

197 

282 

23 

107 

235 

273 

313 

^{«": 

0-099 

Z26 

0-142 
277 

0164 

8 

0-131 

15 

0-199 
3'5 

0-088 
294 

0-056 

3" 

'^  t*    — 

0-075 
196 

0  061 

263 

0-203 
182 

0-286 

343 

0-206 

308 

0-044 

263 

0  019 

?58 

0  005 
30 

0  030 

276 

0-042 
283 

0  008 
H5 

0-023 
132 

0  050 

0-068 

0-171 

0-061 

0  040 

240 

332 

^4 

155 

19 

0-012 

0-027 

0  064 

0  159 

0-129 

0-026 

0-009 

159 

307 

III 

215 

24 

67 

77 

2Sm{Hi 

0  023 

109 

0-021 
123 

0-044 

292 

0-029 
154 

0  036 

106 

0  007 
315 

0  005 

296 

Mn>{f: 

0-042 

0  060 

0066 

0  052 

0-056 

0  065 

0  091 

354 

95 

3" 

8 

26 

27 

32 

^Kl^: 

0*045 
31 

0*033 
316 

0  050 
44 

0-027 
103 

0-051 
34<5 

0  042 

5 

0  071 

23 

MSf{|^  I 

0  014 
341 

0-036 
266 

0-141 

250 

0-040 
153 

0  031 

228 

0-022 
164 

0  038 

216 

0-390 

0-138 

0-162 

0-236 

0  186 

0-352 

0-309 

357 

79 

3 

133 

358 

310 

313 

s»{f: 

0  095 

126 

0-135 
142 

0-121 
H5 

0-109 
156 

0  122 

228 

0  068 

228 

0  177 

205 
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Table  III. 

8,  Faumhen.     d,  Negajialavt.     10.  Madrae.     11.  Vizagitpatam. 
12.  False  Point.     13.  Dublat.     14.  Biamoml  Rarbtmr. 


Ymn. 

1878-83 

1891-3. 

18S0-3. 

1879-83 

1881-3. 

IB81-3. 

1881-3. 

No.  of  y«M 
obwsrred... 

4 

2 

3 

4 

2 

2 

2 

«>{f: 

0-036 
14B 

0  046 

lo8 

0  025 

91 

0-052 

0  015 

0-047 

0-086 
15' 

«>{=: 

0  872 
9» 

0-274 

184 

o-«i 

=76 

0-656 
'8S 

1018 
303 

2-108 
3" 

2 '262 

i6 

«'{^: 

0  003 

0-006 
'5" 

0-002 

0-OOS 
47 

0-008 
319 

0  018 

0  120 
3'6 

«.{f: 

0-004 
"97 

o-ooo 

ISO 

0  001 

0-001 
170 

0  003 

0  004 

9? 

0  018 
'5' 

«.{f: 

0  003 

"4 

0-001 

0-001 

0-002 

79  . 

0  003 

HO 

0-006 
"3 

0-003 
353 

M.{f: 

0-011 
35 

0-005 

0-008 
7 

0-012 
'95 

0-009 

0-008 

0-020 

95 

«'{f: 

0-SS5 

47 

0-T20 

^5^ 

1049 

148 

1-473 
'53 

2-260 

»70 

4-610 

5-177 
3+4 

M»{if: 

O'Oie 
170 

0-003 
103 

0-004 
61 

0-006 
319 

0  014 

30 

0-(M6 

'53 

0-035 

'^3 

««{f: 

0  016 
«SP4 

0  031 

77 

0-003 
145 

0  015 
HI 

0-038 
130 

0-096 

0-745 

246 

«.{f: 

0-011 
4' 

0-012 
1:18 

0  010 
'54 

0-005 

0-010 

63 

0-014 
'55 

0-162 

106 

«.{^: 

0-006 

J'4 

0  005 

303 

0-002 

46 

0  003 

109 

0  003 

H6 

0-012 

'94 

0-062 
345 

o{!f: 

OllB 

45 

0  091 

0-097 
3^5 

0-Ul 

331 

0  177 
335 

0-189 
334 

0-234 

345 

K,{^: 

0-294 

46 

0-225 

345 

0-233 
340 

0-869 

141 

0-408 
345 

0-493 
35' 

0-496 
'4 

M^: 

0-113 

90 

0-077 

186 

0  118 

0-203 

0-256 

197 

0-6SG 
3>8 

0-656 
'3 

f{f: 

0-110 

46 

0-054 

346 

0-097 
344 

0  096 
339 

0145 
344 

0-156 
343 

0-176 
9 

j{f : 

0-01* 

48 

0-OU 

0-021 
318 

0-026 

0  02G 

0-024 
334 

0  031 

Harmonic  Aualysit  of  Txdal  Ohtgrwitiong, 


8,  Paumben.     9,  Negt^atam.     10,  Madrat.     II,  VixagapataM 
12,  FaUe  Potni.     13,  IhAlat.     14,  Diamond  Harbour. 


T«i«. 

1878-82. 

1881-3. 

1880-3, 

1879-83 

1881-3. 

1881-3. 

1881-8. 

^b-^JT*. 

4 

2 

3 

4 

2 

2 

2 

<: 

0-021 

89 

0-007 
181 

0  006 

0  009 

315 

0  011 
3H 

0-009 
333 

0-030 
9 

Mf: 

0  02« 

0-027 

179 

0-036 

3=7 

0  052 

^5+ 

0-059 

»54 

0  167 
»9i 

0  261 
35' 

=•{? : 

0-082 
3» 

0  158 
H4 

0-240 

141 

0-314 
-46 

0-476 

16; 

0-947 

:86 

0'951 
339 

»{f: 

0-016 
64 

0-015 
tit 

0-029 

»99 

0  022 

164 

0-063 

tea 

0-219 
316 

0  116 
337 

,i^~ 

0  027 

30 

0048 

117 

0  044 

0-076 
I9J, 

0-142 

*4+ 

0-232 

»5' 

0-303 

189 

'{?- 

0-009 

105 

0  021 

0-041 

178 

0-027 

H9 

0  076 

»73 

0  166 
15 

0-303 

85 

»{?: 

0  016 
i>4 

0-031 
349 

0-016 

103 

0-027 

0-034 

217 

0-219 
289 

0-216 

t{?: 

0-026 
91 

0  050 

»55 

0  056 

0  051 
.6, 

0  017 
14J 

0-187 
199 

0-078 
55 

MSJ^  I 

0-018 

0  018 
96 

0-003 

170 

0  012 

S 

0-041 

^74 

0-077 
'55 

0  695 

28s 

2Sm|;^  I 

0  010 
3J3 

0  007 

188 

0032 

109 

0-012 

0-017 
187 

0-072 

0-074 
271 

M»{=: 

0-0t8 

0-057 

3^8 

0  047 

80 

0056 

54 

0063 
55 

0-040 

77 

0  102 

Mf{f: 

0  043 

355 

0-039 

7 

0-04G 
6 

0-042 

0-OB7 

35 

0-048 
66 

0-160 
39 

Maf-f^  " 

0016 
141 

0  091 

0-019 

0046 

»3 

0-060 
J5fi 

0-063 

35* 

0-451 
33 

s.{f: 

0-i« 

3°' 

0-538 

3.H 

0-896 

0-714 

18;: 

0-793 

0'900 

150 

1-100 

143 

8»ff: 

0-167 

to8 

0-358 
130 

0-806 

0-882 
"4 

0-287 
146 

0208 
I3fi 

0-066 
7< 

Iit2  Major  A.  W.  BairJ  aud  Prof.  G.  H.  Darwin. 


Ifi,  Kidderpore.     16,  Elephant  Point.     17,  Uangoon.     IB,  jjm 
19,  Moulm^in.     20,  Port  fliaiV.     21,  Fort  Point. 


Yaat. 

1881-3. 

1880-1. 

1880~3. 

1680-3. 

1880-3. 

1880^. 

1868^1. 

So.  of  j«™ 

obMrved  . . . 

£ 

1 

a 

S 

a 

8 

3 

".{?: 

0-091 
'93 

O'lia 

7« 

0  113 

133 

0-223 

0-09« 
'49 

0021 

3* 

0  015 

=.{:■: 

l-«8 

a -337 
143 

2-012 
170 

2-769 
105 

1-882 
'48 

0-D68 

3'S 

0-300 
33* 

».{.": 

0-075 

0-087 

0  08! 
"59 

0-106 

0-067 

0  003 
84 

*{?: 

0  «» 

0-081 
94 

0  010 

0-012 
<87 

0-005 

183 

0-002 
131 

"•{?: 

0-008 
3" 

0  009 

60 

0-005 

0  008 
176 

0-002 

oooa 

8q 

M,{^  - 

0-013 

'S7 

0  019 

SH 

183 

0  032 
iS5 

0-018 
'38 

0-010 

19. 

0-038 

«■{?: 

8-827 
S8 

5-870 
103 

B-6« 

6-233 

69 

3-77I» 
"3 

2  022 

178 

1-CS9 
3i  = 

«■{?: 

0'016 
131 

0-DS5 
146 

0-021 
178 

•0-019 
j6l 

0  025 
109 

0-007 
16 

»^{?: 

0  7»7 

37 

0-079 

46 

0-410 
169 

0-350 
51 

0-901 
171 

0-008 
'5' 

0-071 

«.{?: 

0  159 
3"9 

0  205 

349 

O'SiS 

87 

0-llH 

0-102 

0-002 
3"7 

M.{" : 

0-078 

0-031 
3" 

0-081 
97 

0014 

»+9 

0-038 

133 

0-002 

o{f: 

0  220 

0-849 
3J6 

0-294 

0-317 

339 

0-2S8 

48 

0-160 
301 

0-T80 

67 

>=i{?: 

0-89fl 

5* 

0-807 
18 

0-670 
35 

0-09H 

5 

0-438 

0-397 
317 

1-219 

107 

!.{?: 

0'4.15 
96 

0-101 
9' 

0-570 
15, 

1-104 

JO 

0-336 
■55 

0-282 
311 

0-135 
330 

r{f: 

0  1« 
47 

0199 

33 

0-149 

55 

0-1*7 

337 

0-134 
60 

0-134 

316 

0-378 

105 

'{.": 

0  014 

3>? 

0  110 

61 

0-030 
33 

0-074 
34 

0-022 

0  027 

3*5 

0  063 

Anal^tU  of  T\dal  Obaervatiotu. 


15,  Kidderport.     16,  Elep\aiU  Point.     17,  Eangwm.     18,  AmherM. 
19,  Moutmein.     20,  Fort  Blair,     21,  Fort  Point. 


T«n. 

1881-8. 

1880-1. 

1880-3. 

1880-3. 

1880-8. 

1880-3. 

18GS-61 

"oUl-S". 

8 

I 

S 

8 

, 

* 

8 

«{?: 

0039 

0-042 
336 

0-027 
31 

0  0S4 

i" 

0-046 

53 

0-024 

»37 

0-121 
74 

i{f : 

0  187 
74 

os4e 

109 

0-407 
<i7 

0-292 

0-279 
159 

0  068 

0  059 
338 

"{?: 

0-633 
47 

1-643 

80 

0-99O 
"7 

1-322 

0-679 

0-399 

0-374 

305 

4?: 

O'lOl 
107 

0-669 

"45 

0-257 

170 

D'300 
119 

0-176 
.6s 

0-043 

0-026 
345 

"-i^" 

0238 

m 

0-681 

109 

0  317 

0-426 

17? 

0-233 

84 

0  121 
■■54 

0-064 

305 

'{?: 

0-242 

0-3S6 

179 

0-514 

290 

0-303 

301 

0-318 

»70 

0-036 
19) 

0029 

12.7 

r{=: 

0  167 

77 

0-117 
66 

0-461 
151 

0-097 

70 

0-020 
3=6 

0-008 
63 

L«   - 

0-147 

107 

0-290 

0-841 
■44 

0-200 

0-099 
3'3 

0014 
198 

Ma/^  ~ 

O'MS 

0-135 

67 

0-386 

0-347 

Si 

0-712 

0-009 
"5 

0  031 

28m|^  I 

0  086 

0-042 
84 

0-160 

i4 

0-161 

0  124 

38 

0-023 

'54 

«»{? : 

0-244 
J5' 

0-145 

G 

0  096 

48 

O'SGO 

14 

0-014 

Mrj^  I 

0-297 

38 

0-098 
310 

0-206 

34 

0  097 

35° 

0--334 
4' 

0-067 
9 

™'{f  I 

0  875 

if 

0-069 

27J 

0-664 

49 

0-066 

1-110 

46 

0-015 

B.{f : 

2-740 

'57 

0-930 
146 

1  486 

0-726 

140 

2-434 

149 

0-204 

«-{?: 

0-822 

0-261 
198 

0  126 

3^8 

0-166 

135 

0-603 

187 

0  117 
177 

194  Major  A.  W.  Baird  and  Prof.  G.  H.  Darwiu. 


!2,  Son  Diego.  23,  Port  Leopold.  24,  Beeehey 
Svlf  of  if  eeico.  36,  Ttmlon.  27,  Brett,  i 
Q.M.T.). 


Island.    25,  Cat  liUmd, 
8,  Ramagate  {referred  io 


T«l™. 

1860-1. 

1948-9, 

1853-9, 

184S, 

1953. 

1875. 

1864. 

No.  of  Tmrs 
observed  . . . 

3 

, 

1 

1 

1 

1 

, 

».{?: 

0-028 
138 

0-031 

>7 

0-044 

0-010 
(86 

0-016 
5^ 

0-037 
j'3 

«.{?: 

0-695 
174 

0-648 
19 

o-esfl 

34 

0-068 

0-090 

150 

2-551 

1-877 
33 

=.{?: 

0  006 

0-007 

"57 

0-002 

2g8 

O-032 

4 

=.{?: 

0  027 
17 

».{": 

M,{f: 

00« 
106 

0-045 
130 

0-007 

0-010* 

319 

O-OM 
16; 

".{?: 

1-715 

176 

2  001 

3J8 

1-9M 

0-116 

0-190 
'51 

6-766 

e-144 
341 

M.{": 

0-007 
19 

0-004 

9 

0  067 

oo-ia 

«'{?: 

0-028 

lOJ 

0-016 

0-034 
i6g 

0-011 
349 

0-109 

»5 

0-543 
I4J 

M.{f: 

0  012 

8+ 

0-002 

0-106 
3'S 

0-164 
"7 

«.{? : 



0-001 
I4S 

0-008 
J03 

0-054 
54 

"{?: 

0-696 
78 

0-443 
164 

0-48B 
161 

0-479 
3  "5 

0-059 
301 

0-211 
3u 

0-342 

180 

K.{?: 

1-096 
9+ 

lifi 

0-901 

0-626 

0-116 
3 

0-208 

0-223 

".{?: 

0-207 
j6j 

0-176 
'9 

0-161 

54 

0-028 
188 

0-024 

>54 

0-553 
'44 

0-520 

p{f: 

0-367 
90 

0-216 

0-216 

0-168 

0-041 

0-071 

0-073 

353 

J 

j{=: 

0-094 
?9 

0  036 

197 

0-003 
1; 

Harmonic  Analysis  of  Tidal  Observations. 
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Table  III. 

22,  San  Diego.  23,  Port  Leopold.  24,  Beechey  Island.  25,  Gat  Island^ 
Oidf  of  Mexico.  26,  Toulon.  27,  Brest.  28,  Bamsgaie  {referred  to 
G.M.T.). 

22  23  24  25  26  27  28 


Yean. 


No.  of  jean 
obseired  . . . 


MSfj]^  I 


Sa 


{?: 


«-{? : 


1860-1. 


2 


0  145 

75 

0  019 
344 

0*428 

260 

0  059 

0-102 

^47 

0  027 
240 

0  010 

153 

0  041 

319 

0  009 

X89 

•••••• 


1848-9. 


0-044 

3 

0-420 

306 


•••••• 


1858-9. 


0-080 

47 

0-429 

315 


•••••• 


1848. 


0-091 

307 

0  012 

0  026 
33 


•••••• 

•••••• 

•  •  •  •  •  • 

0-094 

304 

0  069 
U4 

0  095 

336 

0-274 

H5 

0  128 

35 


1853. 


0  006 

242 

0  007 

224 

0  046 

240 

0  003 
10 

0-008 
2ly 

0  007 

219 


•••••• 

. .  9 . . . 

•  •  •  •  •  • 

0-061 
228 

0-045 
118 

0-018 

Si 

0157 

279 

0  090 
»44 


1875. 


0  192 

lOI 

1-375 

B3 

0-059 

59 

0-293 
45 

0-307 
9» 


•••••• 

0  033 
328 

0  069 

76 

0-290 

51 

0-261 

^34 

0-071 
93 


1864. 


0-447 
16 

1-084 
312 

0-174 

351 

0*344 

330 

0-261 

87 


0-324 

127 

0  141 

262 

0-029 
45 

0  044 

288 

0  094 

206 

0-127 
181 

0-075 
288 


^^ 


]  96  Major  A.  W.  Baird  and  Prof.  G.  H.  Darwin. 

Table  ni. 

29,  Wett  HarUepod.     30,  Portland  Sreakwaler.     31,  Liverpool. 

32,   Liverjiool.     33,   Selbra   Uland.     34,   Freemantle,    West  Auttridia. 

35,  MauHHut,  Fori  Lotiii. 

ll.B.-~E»sliih  porU  reftrred  to  Q.U.T. 


Yetn. 

1868-61. 

18B1,  57 
66,470. 

1857-60 

1866-70 

1868-67. 

1873-4. 

183fr-9. 

No.  of  jeiLn 
obttrvrd... 

3 

4 

3 

4 

10 

1 

I 

M^: 

0  033 

0  037 
«9 

0-066 
61 

0-038 
83 

0039 

60 

0-013 

«.{f: 

l'73S 
"39 

107* 

144, 

3-240 

3-101 

8  128 
3 

0  146 

191 

0-531 

B,{=: 

o-oim 

179 

0  012 
■86 

0-066 
J16 

0  058 
3<3 

0-030 
3"» 

0OQ4 

0  003 

s.{f: 

0-002 

'35 

B.{f: 

0-001 
114 

"'{f: 

0'0S6 

104, 

0  015 
»9i 

0-020 

iS8 

0  03S 
33* 

0  033 

I6i 

0-026 
i6i 

0001 

M^  = 

5'ia3 

98 

2  048 
>9* 

10-100 

3>« 

9-881 
317 

9 -768 
319 

0-169 
186 

0-433 

M,{f: 

0  036 

o-oae 
180 

0  124 

0-097 
314 

0-104 
J93 

0  008 

117 

0-016 

.67 

^{]f: 

0  096 

109 

0-468 

3» 

0-702 

0-683 
113 

0-470 

"3 

0  010 

160 

0-001 

196 

Mi^  = 

0  074 

50 

0-B07 

0-211 

34B 

0-184 
350 

0-070 
34 

0  007 

1?? 

0-005 

94 

«'{f: 

O'OIS 
49 

0-077 

0-061 
18s 

0-010 

35^ 

0-006 

^59 

0-001 

168 

o{f: 

0'4U 

as 

0-168 

353 

0-377 

43 

0  866 

40 

0-370 
4' 

0-372 
191 

0-140 
98 

K,{f: 

0-380 

24s 

0  295 

114 

0-359 

0-363 
'95 

0-391 
l8g 

0-638 

300 

0-!44 

Mf: 

0-488 
'35 

oaoi 

U-93B 

0-931 

0-890 

3S8 

0-067 

0-138 

p{^: 

0-112 
131 

0  108 

108 

O'lao 
191 

0  126 

0-146 
■74 

0-156 
=97 

0-056 
'3» 

jj^Z 

0-02S 

0  026 

JIO 

0  009 

Ilarmonie  Analysu  of  Tidal  Observations, 
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Table  III. 

29,  West  Hartlepool,    80,  Portland  Breakwater,     31,  Liverpool, 
32,    Liverpool.    33,  Helbre  Island,    34,  FreemanUe,   West  AustrcUia, 

35,  MaurxtiuSf  Port  Louis, 

NJB.—EnglUh  ports  referred  to  Q.M.T, 

29  30  31  32  88  34  35 


Yean. 


No.  of  jean 
observed  . . . 


H 

K 


H 


T{ 


H 


Mf 


{? 


MSfjj^ 


Sa 


Sta 


{ 


1858-61. 


0*148 

3* 

0-200 
114 

0*988 
73 

0  095 
1x6 

0-270 

88 

0085 
6 

0-008 

158 

0  140 
200 

0  044 
126 

0  026 

310 

0  127 
93 

0  046 

205 

0  137 

59 

0-265 
219 

0-097 

2^3 


1851.  57, 
66,  &  70. 


0-171 
III 

0-477 

185 

0-083 

117 

0  115 

140 

0-374 
196 


0-267 

90 

0-059 
353 


1857-60, 


0-540 

345 

1-923 
306 

0-269 

337 

0-570 

285 

0-291 

38 

0  092 
46 

0-285 

333 

0-404 

270 

0  152 

216 

0-147 

165 

0-036 
141 

0-058 
246 

0-332 

227 

0-128 
175 


1866-70. 


0-621 
328 

1-888 
305 

0-204 
336 

0-498 
^97 

0-228 
4» 


0-407 

270 

0-125 

227 

0-064 
260 

0  057 

344 

0-051 
68 

0*452 

272 

0-185 
229 


1858-^. 


10 


0-113 

345 

0-428 
331 

1-857 
*95 

0-194 
334 

0*438 

278 

0  083 

34 

0  050 

359 

0-254 

327 

0-280 

267 

0-119 
221 


1873-4. 


0-099 
290 

0-021 
244 

0*041 
340 

0  006 

356 

0-012 
232 

0  016 
324 


0-079 
H7 

0-062 

25 

0-032 
178 

0-537 
27 

0-175 
126 


1888-9. 


0-024 

78 

0-033 

4 

0-137 
32 

0-018 

298 

0-008 
257 

0-019 
317 


0-047 
297 

0-036 

350 

0-015 
91 

0-211 
346 

0-118 
X18 


1R8  Major  A.  W.  Baird  and  Prof.  G.  H.  Darwia. 

Table  in. 


36,  Falkland  IslttruU,  Port  Lauit.     37,  Malta. 
39,  Tendon. 


Yeu>. 

1S42^. 

1S71-2. 

1850-L 

Mean  of 

1B47,  46,  S3. 

obscrZT'. 

1 

1 

1 

«.{?: 

0'3S9 

O'OOS 
.61 

0-oia 

+8 

0  011 

8«{f: 

0-120 

0-078 

»47 

0-09L 

«-{f: 

0-007 

6* 

0  001 

J7 

0  003 

0-002 

8.{f: 

«'{f: 

M.{f : 

0-024 
79 

0-006 

69 

0  003 

114 

0-005 

l6g 

«4f: 

1-5M 

■S7 

0'I97 
9J 

0-220 

0  196 

1+6 

M.{f: 

0  018 
8j 

0-008 

104 

OOOS 

.85 

0  004 
•74 

M.{f: 

0  068 

357 

0-003 
ISO 

0  019 

0-014 

35i 

0  013 

76 

0  010 

0-001 

3i6 

0-001 
■45 

0-003 
'i7 

0  002 
60 

off: 

0-461 

+ 

0-024 
83 

0-069 

.06 

0-060 

K.{f: 

0-358 

J7 

0-085 
4J 

0104 

0-105 
1S6 

^{f: 

0'170 
io6 

0  033 

0-0113 

0  019 
■'5+ 

^{f : 

O'Ul 

a? 

O'Oll 
58 

0-010 

0  041 

.78 

j{f : 

0  001 

it 

0-008 
.9* 

0-005 

Harmonio  Analyn*  of  TUai  Obeervationt. 


36,  Falkland  hlandi.  Port  Louis.    37,  Malta. 
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1 

1 
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7» 
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^M 

1 

^m 
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Table  17. 
Penobfcot  Ba 

y- 

1870. 

IS71. 

1872. 

1M73. 

1874. 

1875. 

Mnn. 

«'{f: 

0-06B 
"9 

0-01& 
f8 

0-022 

6; 

0  020 
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73 
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^S 

0'024±  0-OO4 
65-9     ±10 -8 

^-if: 

0-8S5 
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0  785 
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354 
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35*'7     ±  9-8 
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"3 
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J3 

O'OOS 
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»9 
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r«l.c»i 
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i6o 
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"5 
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6o 
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is 
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60 
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58 
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0-017 
33* 
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OOOB 
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336 
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)i6 
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113 
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:c9 

0-3G4 
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^■{f : 
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'i° 
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'3' 
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.19-6     ±  0 
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3; 

'^■{^: 
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i 
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IS' 
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359 
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4 
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358-8      ±    . 
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J 

p{f: 
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'33 
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001 
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0-025 
34' 
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0-026 
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3'5 

0  019 
3i3 
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3'5 
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Table  rP". 
PeruAteot  Say. 


Ymt 

1870. 

1S71. 
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1873. 

1874. 
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Meui. 

«{?: 
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0  068 
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H5 
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*S9 
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0-285 
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'S* 
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»19 

209 
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'" 
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^56 
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0120 
1S6 
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13+ 

0-064 
196 
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0  093 

J06 

0-320 
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»<3 

°»f 

0-274 
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'{?: 

0  048 
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i;6 

141 
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101 
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j6 
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35^ 
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8 

T{f: 

0  169 
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0-166 
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50 

33" 

H3 
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0-OS6 
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0016 
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0010 
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75 
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U5 
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96 

35 

34 
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0-012 

0-037 
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0  073 
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' 
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" 
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4 

95 
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■S' 

'S^ 
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"59 

■59 
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0-090 
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Fort  Totonsend. 

As(oria,   Oregon, 

Cominoiict 

J.nmrT 

1874. 

Ybw    .... 
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1870. 
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1874. 

1876. 

1876. 
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0  086 
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"5 
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Port  Towntend. 


Aitoria,  Oregon. 
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Table  IV. 


San  Diego, 


8t.  Thomas. 


Commence  0  h.,  January  1, 1869. 


Commence  October  4, 1872. 


JL  CBift       •  •  •  . 

1869. 
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62 
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• 
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Me 
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1876. 

1877, 

1878. 

1879. 

1880. 

1881. 

Mean. 

«{?: 

0  039 

0-039 

0-029 

loj 

0-038 
I3J 

0-033 
98 

0  037 
"34 

0  035 

L{f  ; 

0  103 

5* 

0  110 

0-108 
30 

0  084 

35 

0-076 

0-072 

0-092 
31 

"{?: 

0-470 

.98 

0-507 

0-632 
199 

0-500 

0-467 
199 

0-476 
199 

0-490 
■99 

x/H" 

0  012 
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0-030 
16 

69 

0-042 

60 

0  062 

0-036 

35 

•{?: 

0  04& 

'78 

0-124 

138 

0-167 
.98 

0-168 
170 

0-OSG 
'49 

0  077 

0  106 
19B 

/H- 

'1-    - 

0  072 

0-063 

0-094 

135 

OOSI 

107 

0-083 

W9 

0-039 

136 

0-069 

»{.": 

0  020 

0-030 

141 

o-oio 

0-011 

16 

owa 

3'8 

0  037 

0  030 
334 

t{H: 

0-098 
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0-105 
34 

0046 

306 

0-076 
'55 

0-Ul 

S4 

0-068 

Ms{^~ 

0-045 
116 
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0  050 

107 

0-039 
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0-041 
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0-042 
"J 

^"{f  I 

0  018 

138 

0-014 
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0  007 

O'Oil 
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338 
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13 
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Dr.  Hector.     On  the  [Nov.  19, 


ifovemher  19,  1885. 

THK  PRESIDENT  in  the  Chair. 

Tb  pnrsnBiice  of  the  Statutes,  notice  of  the  enening  Annivrvsary 
Meeting  w»s  given  from  the  Chair. 

Mr.  Cornelias  O'Snllivan  and    Dr.    Sydney  Howard  Vines   were 

ndmittpd  into  the  Soejoty. 

Prnfessnr  W.  G.  Adams,  General  Doileau,  Dr.  Hncsrins.  Dr.  Perkin, 
and  Dr.  Rne,  having  been  nominated  by  the  President,  were  by  ballot 
elected  Anditon  of  the  Treasurer'a  Acconnta  on  the  part  of  the 
Society. 

Tbe  Presents  Tcoeived  were  laid  on  the  table  and  thanks  ordered  for 
them. 


The  following  Papers  were  read  :- 


I.  "On  tbe  Total  Solar  Eclipse  of  September  9,  1885  (in  a 
Letter  to  ProfeBBor  Stokes,  Sec  R.S.)."  By  James  Hectcr, 
M.D.,  F.R.S.,  Director  of  the  (Jeological  Survey,  New 
Zealand.     Received  October  22, 1885. 

Wellington,  September  12,  1885. 
Dear  Sis, 

On  the  5th  instant  I  duly  received  yonr  note  of  the  15th  Jaly, 
enclosing  inBtruotions  drawn  np  by  the  Committee  for  observing  the 
solar  eclipse  which  t«ok  place  here  on  the  9th. 

The  instructions  were  circnlat«d  in  all  quarters  where  Ihey  were 
likely  to  be  of  use.  Yon  will  observe  from  the  enclosnres  that  nnfor- 
tnnately  both  the  parties  equipped  by  Government,  in  their  anxiety 
to  get  as  near  the  line  of  centralily  as  possible,  encountered  bad 
weather,  bo  tbit  do  obaezvations  were  made  which  can  be  considered 
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to  haye  scientifio  exactitude.  The  eclipse,  however,  was  Tery  dig- 
tinctly  seen  at  Wellington,  and  I  have  been  able,  with  the  assistanoe 
of  friends  and  the  accounts  in  the  newspapers,  to  obtain  the  following 
information  concerning  it. 

Scarlet  prominences  were  only  moderately  developed,  and  were 
clustered  chiefly  at  the  equatorial  and  polar  regions  of  the  sun.  The 
best  observers  agree  that  the  corona  had  a  very  irregular  outline,  and 
was  most  continuous  and  vivid  close  to  the  sun's  limb,  having  the 
longest  expansion  reaching  to  nearly  two  diameters  from  the  western 
equatorial  region.  This  large  expansion  appears  to  have  had  a 
strongly  marked  spirally  twisted  structure,  while  all  the  other 
appendages  consisted  of  radiating  pyramids.  No  laminated  structures 
appear  to  have  been  observed  in  any  part  of  the  corona. 

Most  observers  agree  in  describing  an  intensely  brilliant  flash  or 
meteor,  lasting  for  two  seconds,  at  the  commencement  of  totality  on 
the  eastern  side  of  the  sun,  and  exactly  over  the  position  of  a  large 
sun-spot  that  was  just  coming  into  view  at  a  few  degrees  south  of  the 
sun's  equator.  This  flash  is  described  as  having  looked  like  a  large 
electric  lamp  suspended  at  a  little  distance  from  the  moon's  edge.  At 
the  close  of  totality  another  flash,  similarly  bright,  but  not  so  large 
and  pointed,  was  seen  on  the  western  limb  of  the  sun  in  a  position 
corresponding  with  a  large  sun-spot  that  was  within  1'  of  arc  of 
passing  over  the  sun's  edge. 

The  following  is  a  list  of  the  enclosures ;— * 

1.  Notification  of  the  Committee's  instructions. 

2.  Charts  of  shadow  path  showing  the  position  of  Dreyertown  and 
Otahao. 

3.  General  time  plan  of  eclipse  by  Mr.  Arthur  Beverly. 

4.  Silver  print  of  totality  by  M.  Cazneau,  Wellington. 

5.  Enlarged  drawing  from  a  negative  |^"in  diameter  of  the  totality, 
photographed  by  Mr.  Oell,  Wellington. 

6.  Sketch  by  Mr.  J.  Buchanan,  F.L.S. 

7.  Three  sketches  taken  during  totality  at  Wellington  by  Mr.  T. 
W.  Elirk.  These  were  taken  in  succession  as  marked  1,  2,  3,  the  sun 
being  intersected  by  a  plumb-line,  and  disclose  the  remarkable  feature 
that  the  N.W.  extension  of  the  corona  shifted  its  position  with  refe- 
rence to  the  prominence. 

8.  Generalised  sketch  from  various  sources,  showing  the  outline  of 
the  corona,  the  position  and  shape  of  the  prominences,  and  the 
positions,  marked  by  red  crosses,  where  vivid  flashes  of  light  wero' 
seen  at  the  moment  of  beginning  and  end  of  totality.  All  agree  that 
these  flashes  were  like  electric  lights,  and  quite  dazzling,  the  first 
being  large  and  round,  while  the  last  seen  was  small  and  pointed. 

9.  Sketch  of  the  large  spirally  twisted  flame  of  the  corona  over  the 
N.W.  quadrant,  as  sketched  by  Mr.  H.  P.  H'lggm^n^  Q^.^  ^^^ 
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binocular  glass.  As  Mr.  Higgiosou  observed  and  ttketched  the  great 
■  eclipses  of  1869  and  1870  in  India,  and  is  an  accompli  shed  drangliU- 
man,  he  had  previous  experience  to  assist  him. 

10.  Complete  eketcb  by  Mr.  Higginson  of  the  total  eclipse  finished 
from  a  drawing  made  with  a  binocnliii'. 

11.  Sketch  with  the  naked  eye,  by  Mr.  Alfred  de  Bathe  Brandon, 
jnnr.,   which  also  shows  tbe  twisted  chaiucter  of  the  lavge  coronal 


Sketch  showing  the  position  of  the  sun-spotfl  that  were  visible 
at  the  time  of  the  eclipse,  (a)  being  a  very  large  spot  that  was  jnet 
passing  off,  (b)  a  spot  not  visible  before  the  eclipse,  which  has  since 
developed  into  an   inteusely  black  sharply  defined  spot  of  moderate 

13.  Extracts  from  newspapers. 

In  conclnsion,  it  ia  hardly  necessary  for  me  to  state  how  mnch  I 
regret  that  I  am  unable  to  give  you  fuller  and  moi'e  precise  informa- 
mation  founded  on  my  own  observation. 

(Signed)         J.  Hectok. 

[The  pnblic&tion  of  ft  selection  of  the  illnstratioDS  ia  deferred 
until  some  additional  drawings  or  photographs  expected  from  New 
Ze&Iand  shall  have  arrived.  £ncloBQre  Mo.  1,  giving  an  aeconnt  of  a 
lecture  delivered  by  Dr.  Hector  before  the  eclipse,  is  subjoined,  with 
the  omiasioD  of  a  portion  at  the  beginning,  the  interest  of  which  has 
now  passed  away.] 

(^Extract  from  Unclontre  No.  1.) 

The  chief  interest  of  the  eclipse  will  lie  in  the  observation  of  the 
scarlet  prominences  and  of  the  silvery  light  of  the  corona  or  halo  that 
surrounds  the  sun  daring  the  period  of  total  darkness.  The  pro- 
minences may  be  expected  to  have  great  brilliancy,  as  for  some  weeks 
past  the  spots  on  the  sun  have  shown  that  its  surface  is  in  a  state  of 
violent  activity,  and  one  of  sach  nnnsual  size  as  to  be  almost  visible 
to  the  naked  eye,  will  have  reached  such  a  position  that  it  will  coincide 
with  the  left  hand  edge  of  the  son  at  the  time  of  the  eclipse,  and 
from  this  point  nnnsnally  large  flames  should  be  looked  for;  for 
observing  these  flames  it  ia  necessary,  in  ordor  to  intensify  their 
light,  to  use  a  fragment  of  rose-tinted  glass.  On  the  other  hand,  to 
observe  the  light  of  the  corona  to  perfection,  a  very  pale  blue-tinted 
glass  is  necessary,  so  as  to  cut  oS  the  red  light  and  intensify  the  pale 
silvery  light  of  the  corona.  A  telescope  of  high  power  is  quite  un- 
suitable to  the  observer,  but  a  wide  field  opera  gtsse  will  be  useful. 
Instmctious  have  been  received  from  the  Committee  of  the  Royal 
Society,  which  relate  partly  to  the  taking  of  a  photographic,  spec- 
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troscopic,   and  other  observations  that  require  special  instmments, 
bat  the  following  extracts  may  be  of  use  to  most  observers  : — Draw- 
ing8  of  the  corona  have  only  seldom  proved  to  be  of  great  utility.     If 
snch  drawings  are  attempted  on   the  present   occasion,   observers 
ought  to  pay  attention  to  the  general  outline  of  the  corona  rather 
than  to  points  of  detail.     A  plumb  line  ought  to  be  suspended,  if 
possible,  between  the  observer  and  the  sun,  so  as  to  fix  the  position  of 
the  corona  in  the  sky  as  accurately  as  possible.     The  vertical  line 
ought  to  be  indicated  on  the  drawing.      Observers  will  find  it  useful 
to  draw  the  black  disk  of  the  sun  and  the  vertical  line  before  the 
beginning  of  totality .  .  .  .    Observers  unpractised  in  accurate  di*a wing 
will  obtain  more  useful  results  by  paying  attention  to  certain  features 
of  the  corona  than  by  attempting  what  can  only  be  a  very  rough  and 
inaccurate  sketch  of  the  corona.    Definite  answers  as  to  the  following 
questions,  for  instance,  would  be  of  great  value : — (a)  To  what  dis- 
tance from  the  sun,  estimated  in  solar  diameters,  can  you  trace  the 
corona?      (b)  Does   it  extend  further  in   some   directions  than  in 
others,  and  what  are  the  directions  of  greatest  and  least  extent? 
(c)  Is  there  a  line  of  approximate  symmetry  in  the  corona,  and  what 
is  the  direction  of  that  line  ?      The  answers  to  the  last  two  questions 
ought,  if  possible,  to  be  given  in  angles  from  the  vertical  line,  or  from 
some  definite  great  circle. 


11.  "On  the  Total  Solar  Eclipse  of  September  9,  1885  (in  a 
Letter  to  J.  N.  Lockyer,  F.R.S.)."  By  A.  S.  Atkinson. 
Received  November  19,  1885. 

I  observed  the  eclipse  from  a  spot  in  my  own  ground  in  Nelson, 
which,  as  determined  for  the  transit  of  Venus,  is  in  lat.  41°  17'  1'9"  S., 
and  long.  ITS'*  17' 57-5"  E. 

The  sky  was  very  clear,  and  there  was  no  wind,  but  the  air  was 
optically  very  unsteady. 

As  totality  was  approaching,  perhaps  two  or  three  minutes  before, 
I  tried  with  the  telescope  (5-in.  Cooke,  power  60)  if  I  could  see  any- 
thing of  the  corona  behind  the  moon,  but  could  not  in  the  time  I 
allowed  myself;  I  was  afraid  of  waiting  longer,  as  I  had  made 
arrangements  for  taking  some  smal  1  photographs,  and  had  to  super- 
intend ;  and  as  I  wished  also  to  answer  the  questions  of  the  Committee 
of  the  Royal  Society,  I  thought  it  best  to  observe  the  main  phase 
with  the  naked  eye. 

I  may,  perhaps,  note  here,  that  in  finding  my  way  with  the  telescope 
to  the  moon's  following  limb,  I  chanced  upon  Ju^iter^  \i\i<^  ^Y^^^v^^^s^ 
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d£  ifhiah  mmrpnEvd  me  grw^tlj.  it  wiw,  of  ooarae,  "  boiling  "  •  'good 
dMi,  but  at  the  momeat  I  osogbt  mght  of  it,  it  seemed  to  hmta  one 
brokd  noifbrm  eqofttniftl  beli,  witii  at  leaet  ite  nortlMnt  edge  mtiier 
■harply  marked ;  in  brcttdtlt  it  seemed  abtrnt  cme-tii&d  of  HkgftaOBt'm 
(polw)  diaiueter,  ftod  ia  Dolonr  distinctlf  jriak.  Thia  belt  iSmppt»nd 
•nd  raappesred  with  tfae  motaon  of  the  sir.  I  ihiftsdmy  tfo  In  A« 
taleeoope)  bat  tbe  bicftdtk  ftnd  eolenr  sauned  ^onstutt  on  ok^ 
vMppeuaaoe,  so  leag  m  I  iooko^  vhit^  was  not,  howwwr,  Twry 
long. 

As  Uie  8«n  ma  jast-^ai^paariiig,  tbe  most  atiflciaff  phenonwium 
I  ooticed,  lookiiig  atiaiglit  at  i^  was  a  Rtnmglf  mariced  pnlaation  in 
ita  light  { thoao  vho  w«ra  locAi&g  tanf  from  it  sanr  wwres  ot  abadow 
pMoiig  tather  rapidlj  vrer  ths  gFomid.  Thia  alao,  I  asppoaed,  was 
from  tiw  ^lna^^a^^illW  td  tbe  nt,  bat  to  ma  it  aeemed  not  tfae  leaat 
strildng  part  of  tbt  gnat  apaataola  to  aao  tba  ann  UokeriBg  «a  it  trere 
befoK  it  w«mt  ont. 

The  following  are  my  snawan  to  Oitt  qnavtimaof  the  ocnamitfM : — 

s,  I  eatinudied  the  greateai  diatance  from  the  moon's  limb  to  which 
I  conld  trace  the  corona  as  from  two-thirds  to'  threo-fonrths  of  a 
diameter. 

b.  The  corona  extended  moch  farther  in  one  direction  than  in  any 
other.  By  far  the  greatest  feature  in  the  ooruna  waa  a  broad-based 
bnt  hollow-sided  cone  of  white  light,  with  well-marked  edges,  and  a 
rather  sharp  point,  the  axis  of  which  I  jndged  to  be  from  40°  to  45° 
from  the  perpendicnlar  towards  the  west.  The  "  least  extent "  of  the 
corona,  as  I  saw  it,  wan  the  same  in  several  places,  where  there  waa 
only  a  narrow  rim  of  light  round  the  moon's  limh.  There  were  other 
smaller  bat  more  or  less  similar  prominenoefi  of  pnre  whife  tight,  all 
of  which,  I  may  say,  gare  me  the  idea  of  radiating  from  tbe  snn's 
centre. 

e.  There  was^  in  my  opinion,  no  line  of  "  approximate  symmetry  " 
in  the  corona.  I  looked  right  ronnd  tho  snn  with  a  view  to  answer 
this  question,  and  that  was  the  conclnsion  I  came  to  without  hesita- 
tion. As  there  vas  nothing  to  balance  the  large  "  cone,"  tbe  nearest 
approach  to  symmetry  would  have  been  obtained  by  taking  its  axis 
aa  tbe  line,  but  I  shonld  not  have  called  the  reentt  of  this  division 
"  approximately  symmetrical." 

The  only  red  prominences  I  saw  were  a  row  of  six  or  seven  small 
ones  (Bailey's  beads  P)  extending  from  about  the  vertex  towards  the 
east.  Large  ones  were  seen  by  others,  and  I  believe  are  those  which 
alone  appear  in  the  photographs. 

Mr.J.B.Akersten  obtained  for  me  two  photographs  during  totality, 
one  immediately  after  it  began  with  an  eipOKure  of  probably  a  little 
less  than  a  aeoond  ;  the  other  a  few  seconds  later,  with  about  double 
the  expoture.      A.   third   plate   was  alt  bat  ready  when  the  sun 


1885.]  RepoH  on  the  Deposits,  of  the  Nile  Delta.  218 

reappeared ;  it  was  taken  just  afterwards,  bat  still  shows  some  of  the 
'« red  flames." 

I  took  the  duration  of  totality  with  a  stop-watch,  but  afterwards  bj 
a  momentary  inadvertence  lost  the  record. 

I  may  add  that  at  a  time  which  I  estimated  to  be  from  15  to 
20  seconds  after  the  sun's  reappearance,  I  could  with  the  naked  eye 
easily  see  the  coronal  light  round  the  preceding  limb  of  the  moon,  and 
called  the  attention  of  the  bystanders  to  the  fact. 

In  conclusion  I  would  add  as  some  evidence  of  the  clear  sky  which 
we  commonly  get  in  Nelson,  that  from  my  own  knowledge  not  only 
the  whole  of  this  eclipse,  but  egress  in  both  the  late  transits  of 
Venos,  could  not  have  been  better  seen  than  from  this  place. 

(Signed)        A.  S.  Atkinson. 


III.  "  Report  on  a  Series  of  Specimens  of  the  Deposits  of  the 
Nile  Delta,  obtained  by  the  recent  Boring  Operations."  By 
J.  W.  JUDD,  F.K.S.,  Seo.  G.S.,  Professor  of  Geology  in  the 
Normal  School  of  Science  and  Royal  School  of  Mines. 
Communicated  by  desire  of  the  Delta  Committee.  Received 
November  12,  1885. 

Neither  of  the  borings  made  for  the  Royal  Society,  under  the 
superintendence  of  the  Engineers  attached  to  the  Army  of  Occupation 
in  Egypt,  appears  to  have  reached  the  rocky  floor  of  the  Nile-Valley, 
nor  do  the  samples  examined  show  any  indication  of  an  approach  to 
such  floor.  What  were  at  first  supposed  to  be  pebbles  in  one  of  the 
samples  from  Tantah,  prove  on  examination  to  be  calcareous  con- 
cretions (**  race  "  or  "kunkur"). 

Nevertheless  these  borings  appear  to  have  reached  a  greater  depth 
than  all  previous  ones  in  the  same  district,  except  the  boring  made 
near  the  Barrage,  which  is  said  to  have  attained  a  depth  of  122  feet 
without  reaching  the  rock,  and  one  at  Rosetta  which  exceeded 
153  feet.  The  deepest  boring  made  by  the  French  engineers  in  1799, 
that  at  Siut,  attained  a  depth  of  77  feet  7|  inches ;  at  a  later  date 
M.  Linant  de  Bellefonds  (Linant  Bey)  carried  a  boring  near  the  apex 
of  the  Delta  to  the  depth  of  72  feet.  In  the  case  of  the  excavations 
made  for  Mr.  Homer  about  thirty  years  ago,  with  the  aid  of  a  grant 
from  the  Donation  Fund  of  the  Royal  Society,  few  of  the  borings 
exceeded  50  feet  in  depth ;  the  deepest  being  that  at  Memphis,  which 
reached  59  feet  10  inches.  The  three  borings  now  reported  upon 
have  been  carried  to  depths  of  45,  73,  and  84  feet  respectively. 

The  samples  from  these  borings,  like  those  examined  by 
Mr.  Homer,  show  that  the  delta-deposits  all  con&\at  ol  «AmviLV\ix«R^^\2Qw 
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varying  proportions,  of  blown  sand  and  ttllavial  mud.  1  can  find  no 
evidence  to  support  tbe  atiggeation  made  by  Sir  J.  W.  Daweoo,  P.R.S. 
(eee  Colonel  Mai tlnud'e  letter  of  21st  Janaar;,  18B4,  and  "  Geal.Maig.," 
Dec.  3,  vol.  i,  p.  292)  from  a  hasly  esamtnation  of  the  Bpecimons, 
that  "  at  a  depth  of  30  or  40  feet  the  alluvial  mad  rests  od  desert 
Band;"  On  the  contrary  these  boringH,  like  those  of  older  date,  show 
that  the  deposits  of  the  Nile  Valley  consist  of  a  sncceHsion  of  dilferent 
beds  in  some  of  which  sand,  and  in  others  mad,  forms  the  predominant 
conatitnent.* 

The  chemical  composition  of  the  Nile-mud  has  been  investigated  by 
many  cliemists^by  Reguault  iu  1812,  by  Lassainne  in  1844,  by 
I«jouchere  in  185U,  by  Payen  and  Poinset  in  1850,  and  by  Houzean 
in  1869.  At  the  request  of  Mr.  Homer,  Messrs.  Johnson  and  Brazier 
undertook  a  series  of  carefal  analj'ses  of  the  muds  and  the  sands  of 
the  Nile-Valley  deposits  in  Dr.  Hofmann'e  laboratory,  and  the  results 
which  they  obtained  are  published  in  tbe  "Philosophical  Tmns- 
actions,"  vol.  145  (185o). 

But  hitherto,  so  far  as  I  em  aware,  no  detailed  investigation  of  the 
microscopical  characters  of  the  deposits  has  been,  undertaken,  aud  to 
this  invefitigation  I  have  therefore  devoted  my  special  attention.  Tbe 
method§  of  ez&mination  were  determined  upon  after  consultation  with 
Professor  T.  Q.  Bonney,  F.R.S.,  P.G.S.,  to  whose  advice  and  assis- 
tance I  am  greatly  indebted;  the  preparations  were  made  in  the 
Oeological  liaboratory  of  the  Normal  School  of  Science  and  Royal 
School  of  Uinea.  The  general  reanlts  attained  by  this  study  of  the 
Nile- Valley  deposita  are  as  follows. 

The  tandt,  when  separated  from  the  mnd  by  washing,  are  fonnd  to 
be  made  np  of  two  kinds  of  grains,  the  larger  being  perfectly  ronnded 
and  polished,  while  the  smaller,  on  the  contrary,  are  often  sabangalar 
or  angnlar. 

The  larger  and  well-rounded  grains  may  be  described  as  micro- 
soopic  pebbles ;  their  surfaces  are  most  exquisitely  smoothed  and 
polished,  and  their  forms  are  either  globntar  or  ellipsoidal.  In  size 
they  vary  greatly,  being  occasionally  as  large  as  a  small  pea.  They 
only  veiy  occasionally  exhibit  traces  of  deposits  of  iron-oxides  open 
their  surfaces.  The  great  majority  of  the  well-rounded  grains  consist 
of  qoartzose  materials. 

*  [The  dMp  boring  at  Bontta.  of  which  an  acoonnt  hu  recently  been  sent  to  the 
BAjal  Bociet;  by  Colonel  Mailtand,  R.E.,  shows  that  aUuvial  mud  and  clay  occurred 
to  the  depth  of  33  feet;  thence  to  the  depth  of  91  feet  Torioiu  wnda  and  clajs 
are  reoorded:  from  94  feet  to  123  feet  "hani  cUj  in  Iiimpe"  wu  found ;  then 
Tarioni  aandi  and  clay*  to  143  feel ;  the  last  10  feet  of  the  boring  wae  in  coarw 
sand  and  pebblra.  A.  tmgment  of  red  granite,  with  undoubted  marki  of  human 
workmanthip  upon  it,  is  aaid  to  haie  been  obtained  at  a  depth  of  79  feet  4  inches. — 
J.  W.  J.,  IStb  Dtoemher,  1886.] 
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Embedding  these  grains  in  Canada-balsam,  and  examining  them 
bj  transmitted  light,  with  the  aid  of  the  polariscope,  we  are  enabled 
to  stadj  their  mineral  characters  with  facility.  The  majority  of  the 
grains  consist  of  colourless  qnartz,  though  occasionally  rose-quartz, 
amethystine  qnartz,  citrine,  and  smoky  quartz  also  occur.  This 
quartz  exhibits  unmistakable  evidence  of  having  been  derived  from 
granitic  rocks;  it  is  constantly  seen  to  be  traversed  by  bands  of 
liquid-  and  gas-cavities,  and  very  frequently  contains  numerous  black, 
hair-like  inclusions  (rutile  ?).  Much  more  rarely  we  detect  grains  of 
quartz  which  consist  of  aggregates  of  small  crystals,  and  are  evidently 
derived  from  metamorphic  rocks.  With  the  pure  qnartz-grains  we  find 
also  a  considerable  number  of  rounded  particles  of  red  and  brown  jasper 
and  of  black  Lydian  stone,  with  some  fragments  of  silicified  wood. 

But  in  addition  to  the  different  varieties  of  quartz,  particles  of 
felspar  are  sometimes  found  among  these  large,  rounded  grains. 
What  is  very  remarkable  about  these  felspar-grains  is  the  slight 
traces  of  kaolinization  which  they  exhibit ;  they  are  in  fact  almost  as 
fresh  and  unaltered  as  the  grains  of  quartz  themselves.  Ordinary 
orthoclase  and  microcline  are  most  frequent,  while  plagioclase  felspar 
is  comparatively  rare.  With  the  rounded  grains  of  quartz  and 
felspar,  a  few  examples  of  hornblende  and  other  minerals,  including 
jade,  also  occur. 

But  far  greater  is  the  number  of  mineral  species,  especially  the 
most  easily  cleavable  ones,  which  are  represented  in  the  smaller,  sub- 
angular  and  angular,  sand-grains.  In  addition  to  the  minerals  already 
mentioned,  I  have  recognised  several  varieties  of  mica,  augite, 
enstatite?,  tourmaline,  sphene,  iolite  (cordierite)  zircon,  fluorspar, 
and  magnetite,  all  in  a  nearly  unaltered  condition. 

The  only  fossils  found  in  these  sands  were  evidently  derived  ones ; 
they  include  the  fragments  of  silicified  wood  already  mentioned,  and 
a  waterwom  nucleus  of  an  Ammonites  (Jurassic  ?).  It  is  evident  that 
these  sand-grains  have  been  formed  by  the  breaking  up  of  granitic 
and  metamorphic  rocks,  or  of  older  sandstones  derived  directly  from 
snch  rocks.  The  larger  grains  exhibit  the  perfect  rounding  and 
polishing  now  recognised  as  characteristic  of  ^olian  action;*  the 
smaller  ones  from  their  larger  surfaces  in  proportion  to  their  weight 
have  undergone  far  less  attrition  in  their  passage  through  the  air ;  but 
it  is  fair  to  conclude  that  the  sands  are  really  **  desert-sand,"  derived 
from  the  vast  tracts  which  lie  on  either  side  of  the  Nile-Valley,  and 
swept  into  it  by  the  action  of  the  wind. 

*  It  is  hardly  necessary  to  point  out  that  the  study  of  these  desert-Fands  entirely 
supports  the  important  conclusions  arrived  at  by  Mr.  H.  G.  Sorbj,  F.B.S.,  and 
Mr.  J.  A.  Phillips,  F.R.S.,  concerning  the  agencies  by  which  the  rounding  of  sand- 
grains  is  effected.  See  "  Quart.  Jour.  GeoL  Soc./'  toI.  36  (1880).  "  Pcoc«e:d^^;' 
p.  50.    /Wrf.,  vol.  87  (1881),  pp.  6—26. 
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The  mud  is  a  material  of  which  it  is  mncli  more  difficult  to  study 
the  mineral  characters  than  the  sand,  owing  to  the  extreme  minute- 
ness of  its  particles.  It  is  a  very  striking  fact,  however,  that  kaolin, 
which  constitutes  the  predominant  constituent  of  clays,  appears  to 
be  almost  altogether  absent  from  these  Nile-muds.  Chips  and  flakes 
of  quartz,  felspar,  mica,  hornblende,  and  other  minerals  can  be  readily 
recognised ;  and  it  is  often  evident  that  the  unaltered  particles  of  such 
minerals  make  up  the  greater  part,  if  not  the  whole  mass,  of  the  fine- 
grained deposits.  The  mineral  particles  are  of  course  mingled  with 
a  larger  ox  smaller  proportion  of  organic  particles.  Frustules  of 
DiatomuceoB  occur  in  these  muds,  as  was  pointed  out  by  Ehrenberg, 
but  unless  special  precautions  were  observed  in  collecting  the  samples 
it  would  be  unsafe  to  draw  any  deductions  from  their  presence. 

In  the  case  of  the  Tantah  boring  we  find  another  kind  of  material 
besides  the  sand  and  mud.  Almost  all  the  samples  from  this  boring 
contain  angular  fragments  of  an  apparently  tufaceous  limestone.  In 
addition  to  this  we  find  minute  sand-grains  cemented  by  calcareous 
matter  into  small  pellets  of  various  sizes,  and  tke  particles  of  mud 
united  in  the  same  way  are  thus  converted  into  argillo-calcareous 
concretions.  In  a  sample  taken  from  a  depth  of  70  feet  in  the  Tantah 
boring,  a  number  of  irregular  masses  of  this  argillaceous  limestone 
occurred ;  some  of  these  were  nearly  1  inch  in  diameter,  and  were  at 
first  supposed  to  be  pebbles.  On  examination  they  were  found  to 
contain — 

Calcic  carbonate , , ,  77*3 

Argillaceous  matter 22*7 


lOO-O 


There  can  be  no  doubt  that  sources  of  this  calcic  carbonate  must 
exist  near  Tantah,  probably  in  the  form  of  calcareous  springs. 

The  striking  peculiarities  of  these  sands  and  muds  of  the  Nile  Valley 
appear  to  be  capable  of  a  simple  explanation.  In  countries  where  rain 
falls  frequently  and  vegetation  abounds,  water  charged  with  carbonic 
acid  is  constantly  penetrating  into  the  rocks  and  breaking  up  the 
compound  silicates  of  which  they  are  composed ;  the  silicates  of  the 
alkalies  and  the  alkaline  earths  being  decomposed  and  their  con- 
stituents removed  in  solution,  while  the  silicate  of  alumina  becomes 
hydrated  and  is  carried  away  in  suspension  by  water  in  the  form 
of  kaolin.  In  this  way  the  felspars  and  nearly  all  other  compound 
silicates  are  affected  to  such  an  extent  that  in  most  granitic  and 
metamorphic  rocks  they  show  evidence  of  extensive  **  kaolinization," 
while  the  clays  derived  from  them  are  made  up  for  the  most  part 
of  the  crystalline  plates  of  kaolin.  But  in  dry  and  barren  tracts,  like 
portions  of  Northern  Africa,  none  of  these  agencies  will  operate,  and  the 
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disintegration  of  the  solid  rocks  is  effected  by  mechanical  means ; 
the  most  potent  of  these  mechanical  agents  of  disintegration  are  the 
heat  of  the  san,  caasing  the  unequal  expansion  of  the  minerals  which 
boild  np  the  rocks,  the  force  of  the  wind,  producing  constant 
attrition  of  the  disjoined  particles,  and  torrential  rains. 

This  being  the  case,  it  will  be  readily  understood  that  the  sand- 
grains  will  include  felspar  and  other  minerals  in  a  nearly  unaltered 
condition,  while  in  countries  where  the  chemical  agents  of  the  atmo- 
sphere come  into  play  such  particles  would  be  more  or  less  com- 
pletely converted  into  kaolin.  In  the  same  way,  the  mud,  instead 
of  consisting  of  scales  of  kaolin  originating  from  chemical  action,  will 
be  formed  of  particles  of  the  chemically  unaltened  minerals  reduced  to 
the  finest  dust  by  purely  medbamcaJ  agencies. 

The  chemical  analyses  which  have  been  imade  of  these  Nile-muds 
tend  to  suppoivt  these  conclusions.  Instead  of  containing  large 
quantities  .of  combined  water,  as  do  all  the  ordinary  clays,  their 
composition  is  that  of  a  mixture  of  anhydrous  minerals.  As  the 
analyses  hitherto  made  have  none  ol  them  been  undertaken  with  the 
object  of  estimating  the  exact  proportions  of  hygroscopic  and  com- 
bined water  in  these  muds,  it  would  be  well  if  some  more  careful 
determination  of  these  two  constituents  coald  be  made. 

But  there  is  fortunately  a  kind  of  evidence,  derived  from  chemical 
analysis,  which  is  of  the  gneatest  value  from  its  bearing  on  the 
questions  we  are  now  discussing — that,  namely,  which  is  obtained  from 
a  study  of  the  composition  of  the  Nile- waters. 

It  must  be  remembered  that  the  Nile  is  a  river  of  a  yery  peculiar 
and  exceptional  character.  The  last  tributary  which  it  receives  is  the 
Atbara,  which  falls  into  it  in  lat.  17^  88'  N. ;  from  that  point  to  its 
mouth,  in  31°  25'  N.  lat^  the  river  does  not  receive  a  single  affluent ; 
for  a  distance  of  1400  miles,  indeed,  it  obtains  no  fresh  supply  of  water 
except  what  is  brought  to  it  by  superficial  torrents  after  heavy  rains 
in  Lower  Egypt.  It  has  been  clearly  demonstrated  that,  after 
receiying  the  Atbara,  the  Nile  undergoes  a  continual  diminution  in 
volume  in  its  course  through  Egypt.  This  is  no  doubt  in  part  dne  to 
percolation  of  the  water  through  the  delta-deposits,  and  in  part  to  the 
water  being  drawn  off  in  canals  for  purposes  of  irrigation ;  but  a  large 
part  of  this  diminution  in  volume  must  certainly  be  ascribed  to  the 
great  evaporation  which  must  be  going  on  from  the  surface  of  the 
river  during  the  last  1400  miles  of  its  course. 

The  diminution  which  takes  place  in  the  volume  of  the  Nile  in  its 
downward  course  is  illustrated  by  the  following  estimates : — 

The  French  engineers  in  1799  showed  that  at  Siut,  240  miles  above 
Cairo,  the  quantity  of  water  passing  down  the  river  per  second 
amounted  to  678  cubic  metres  at  low  water,  and  10,247  cubic  metres 
during  high  water. 
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But  nt  Cairo,  acconiiug  to  M.  Liiiant  do  Bellefonds  (Linant  Bey), 
the  flow  per  Hecnnd  amoants  only  to  414  cubic  metres  at  low  w&ter, 
and  9440  cubic  metres  at  high  water. 

If  these  nnmbers  can  bo  relied  upon,  the  Nile  in  this  part  of  ita 
conree  losea  rearly  40  per  cent,  of  Jta  water  in  a  distance  of  240  miles 
when  it  is  low,  and  aeai'ly  8  per  cent,  when  it  is  in  flood  ! 

a.  ToJabot  has  calcalated  thfit  only  90,000  millions  of  cabic  metres 
of  water  are  discharged  per  annum  from  the  principal  mouth  of  the 
Nile,  which  gives  an  average  discharge  of  2(J80  cubic  metres  per 
second  ;  while  M.  Gii-iird  eetimatea  that  only  a  comparatively  small 
quantity  escapes  by  the  Rosetta  and  Damietta  mouths. 

Although  we  shall  not  be  able  to  calculate  the  exact  loss  of  the 
Nile  by  evaporation  in  the  course  of  1400  miles,  through  one  of  the 
hottest  and  driest  regions  of  the  globe,  yet  we  cannot  doubt  ttiat  this 
loss  is  enormous.  Now  the  effect  of  this  oonstaut  evaporation  must 
be  to  concentrate  the  saline  malters  held  in  solution,  and  we  might 
therefore  anticipate  that  the  waters  of  the  Nile  in  Lower  Egypt  would 
contain  an  exceptionally  high  percentage  of  saline  matters  in  solu" 

But  what  are  the  actual  facts  of  the  case  ? 

Dr.  C.  Ueymott  Tidy  has  recently  made  a  series  of  analyses  of  the 
Nile-water  taken  at  Cairo  during  each  month  of  the  year,  and 
the  results  which  he  has  obtained  are  of  the  greateet  interest  to 
geologists.  These  analyses  enable  na  to  make  the  following  com- 
parisons, which  we  have  arranged  in  tabular  form*  : — 


Total  wUdi  in  gw,  per  gOon   J 

Filtered 
Wer 
from 

Nile. 

Filtered 
W8ler 
from 

Thtmei. 

FilUred 
w»ler 
from 
Lea. 

FUtered 
wstor 
from 
SeTem. 

FUtered 

water 

from 

SbtkDuon. 

14-33 

18-24 
21-63 

17-99 
23-34 

13-96 

to 

22-76 

15-30 
20-20 

ProportioD  of  lime         „         i 

2  06 
4-35 

6-89 
to 
8-74 

6-16 
to 

4-03 

to 
G-43 

5-82 
7-28 

Hardneii  before  boiliDg   ....i 

6  0 
to 
8-0 

J2-9 

to 

14 '3 

18-0 
16-9 

10  0 

to 

14-3 

9-5 

to 

12-6 

1  2 
to 
2-H 

3-1 
4-2 

3-3 
4-4 

5-0 
0-6 

3-5 
4-7 
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The  examination'  of  this  table  shows  that  the  waters  of  the  Nile, 
judged  either  by  the  proportion  of  solids  in  solution,  the  percentage 
of  lime,  or  by  the  temporary  and  permanent  hardness,  exhibits  some 
yery  remarkable  anomalies.  That  the  variation  in  the  quantities  of 
dissolved  salts  at  difEerent  seasons  of  the  year  should  be  much  greater 
than  in  the  case  of  any  of  the  other  rivers,  is  not  surprising  when  we 
bear  in  mind  the  great  and  rapid  additions  to  the  volume  of  the 
river  during  seasons  of  flood.  But  it  is  startling  to  find  that  the 
water  of  the  Nile,  instead  of  containing  a  much  larger  proportion  of 
saline  matter  than  other  rivers — as  we  might  anticipate  from  the 
enormous  evaporation  constantly  going  on  from  its  surface — in  reality 
contains  far  less  dissolved  matter  than  any  of  the  other  rivers  here 
compared  with  it.  This  contrast  is  scarcely  less  striking  in  the  case 
of  the  comparison  with  the  Severn  and  the  Shannon,  which  flow  over 
PalsBOZoic  rocks,  than  in  that  of  the  Thames  and  the  Lea,  which 
drain  areas  occupied  by  Mesozoic  deposits. 

A  little  consideration  will  show,  however,  that  this  startling  and 
seemingly  anomalous  result  is  capable  of  a  very  simple  explanation. 
The  substances  dissolved  in  the  water  of  rivers  is  of  course  derived 
from  the  materials  composing  the  rocks  of  the  river-basin,  through 
the  action  of  water  holding  carbonic  a^sid  or  other  acids  in  solution. 
In  this  kind  of  action,  rain  which  takes  up  the  gases  contained  in  the 
atmosphere,  and  then  percolates  into  the  interstices  of  rocks,  plays  a 
most  important  part.  Bain  is,  in  fact,  the  great  agent  of  chemical 
disintegi*ation,  and  where  rain  falls  the  complex  silicates  composing  the 
hardest  rocks  are  attacked,  the  silicates  of  potash,  soda,  lime,  magnesia, 
and  iron  being  broken  up  and  carried  away  in  solution,  while  the 
silicate  of  alumina  takes  its  hydrated  form  of  kaolin,  and  remaina 
behind  or  is  removed  in  suspension. 

But  in  districts  where  there  is  little  or  no  vegetation  and  the 
rainfall  is  sudden  and  torrential,  this  chemical  disintegration,  as  has 
been  already  pointed  out,  is  replaced  by  totally  different  kinds  of 
action.  Under  the  influence  of  variations  of  temperature,  having 
an  enormous  range,  the  rocks  made  up  of  crystals  having  different 
coefficients  of  expansion,  in  diflerent  minerals  and  indeed  in  different 
directions  in  the  same  crystal,  undergo  mechanical  disintegration,  and 
the  fragments  thus  formed  are  driven  backwards  and  forwards  by 
wind,  being  thereby  subjected  to  constant  attrition.  Of  this  latter 
kind  of  action,  as  we  have  seen,  all  the  larger  particles  in  the  Nile 
Delta  deposits  exhibit  the  most  unmistakable  evidence. 

Hence  we  are  led  by  an  examination  of  the  composition  of  the 
Nile- water  to  the  same  conclusion  as  was  reached  by  the  study  of 
microscopical  characters  of  the  muds  and  sands  of  the  delta,  that 
while  in  the  rainy  districts  of  the  temperate  zones,  the  disintegration 
of  rocks  is  mainly  effected  by  chemical  agenciea,  m  Wi^  ^^^<^t\*  ^\:^^& 
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of  the  tropiert  tlie  same  ■work  is  fttmost  exclnsivelj-  effected  by 
merhnnioil  forces. 

The  prodncts  of  tliese  two  kiails  of  (iction  are,  however,  essentially 
different.  lo  the  former  case  we  have  prodncod  crystala  of  kaolin, 
which  form  the  hasia  of  al!  the  tnie  clays,  a  large  quantity  of  lime-, 
ma^esia-,  iron-,  floda-,  and  polash-salts  with  silica  passing  into  solo- 
tion ;  while,  in  the  latter  case,  the  several  minerals  of  the  rock  are 
simply  rednoed  to  fra^njentB  of  varying  eiie  and  form. 

All  the  observations  described  in  the  present  report  are  in  entire 
harmony  with  this  explanation.  The  comparatively  nnaltered  con- 
dition of  the  felspars  and  other  complex  silicates  in  the  sands  ;  the 
absence  of  kaolin  from  the  mnds,  ami  the  presence  of  the  chips  and 
flakes  of  the  nnattacked  minerals  in  the  mnds,  and  finally  the  small 
quantity  of  dissolved  matter  in  the  Nile-water,  in  epite  of  the  enormous 
concentration  it  must  have  undergone  by  evaporation — all  point  to 
this  same  conclnsion. 

In  the  estilnates  which  have  been  made  of  the  rate  of  snbscrial 
denadation  in  different  parts  of  the  globe,  it  has  nsually  been  asanmod 
that  this  action  is  similar  to  whst  is  seen  tnking  placo  in  Europe  and 
in  North  America.  But  the  observations  detailed  in  this  report  prove 
that  in  tropical  districts,  where  little  or  no  vegetation  exists,  and  the 
rainfall  is  sadden  and  torrential,  the  disintegration  of  ivcks,  thongh 
not,  perhaps,  less  rapid  than  in  temperate  climes,  is  different  alike  in 
ita  origin  and  in  its  prodnots. 

It  has  often  been  pointed  ont  by  chemical  geologists,  that  metamor- 
phic  action  could  not  have  prodnced  many  of  the  schists  and  gneisses 
from  sedimentary  rocks,  for  the  former  are  rich  in  potash,  soda,  and 
other  materials  which  have  been  dissolved  ont  from  the  latter  dnring 
the  disintegration  of  the  rock-masses  from  which  they  were  derived. 
The  recognitian  of  a  kind  of  action  whereby  great  masses  of  sedi- 
mentary materials  can  be  produced,  rich  in  those  substances  which 
are  usually  removed  in  a  state  of  eolation,  is  not  destitute  of  interest 
at  the  present  time,  when  the  question  of  the  origin  of  the  crystalline 
schists  and  gneisses  is  one  that  presses  for  solntion. 

Appendix. 

Exatninaiion  of  the  Sample*  obtained  during   the   Recent  Boringi  in 

Egypt. 

Portions  of  the  several   samples,  varying  in   weight  from   8   to 

18  grams,  were  dried  at  110°  C,  and  tlien  weighed.     These  portions 

were,  by  carefnl  levigation,  separated  into  mud  and  sand,  which  being 

dried  at  110°  C.  and  weighed,  afforded  the  necessary  data  for  oalcn- 

lattng  the  percentage  composition  of  each  sample. 

One  Mpecimen  of  each  sample  of  sand  thns  obt^ned  was  monnted 
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dry  for  study  by  reflected  light;  a  second  specimen  from  each  was 
mounted  in  Canada-balsam,  so  as  to  allow  of  the  interual  stmoture 
and  optical  properties  of  the  sand-grains  being  studied. 

The  fine  particles  composing  the  several  samples  of  mud  were  so 
mounted  as  to  be  capable  of  examination  by  transmitted  light,  with 
the  highest  powers  of  the  microscope. 

The  results  obtained  in  the  case  of  each  sample  were  as  follows  : — 

I,  Boring  at  KaaT'et-Nil^  Cairo, 
Sample  1.    Depth,  6  ft. 

Loam  of  a  dark  reddish-brown  colour.  Contains  5*77  per  cent, 
sand,  94'33  per  cent.  mud. 

Sand, — Dark  coloured  ;  includes  fragments  of  red  brick,  green  glass, 
straw,  rootlets,  and  other  vegetable  matters.  Rounded  grains  of 
white  quartz,  evidently  derived  from  granitic  rocks,  with  a  few  of 
jasper  and  rose-quartz ;  angular  or  subangular  grains  of  quartz, 
hornblende,  &c.,  with  many  of  fine-grained,  impure  sandstone. 

Mud. — ^Much  vegetable  matter,  with  frustuies  of  diatoms.  Minute 
chips  and  flakes  of  quartz  and  other  minerals,  with  plates  of  biotite. 

Sample  2.    Depth,  16  ft. 

Very  sandy  loam,  of  pale  reddish-brown  tint.  Contains  86*27  per 
cent,  sand,  and  13*73  per  cent.  mud. 

Sandy  composed  of  about  equal  portions  of  well-rounded  and  angu- 
lar or  subangular  grains.  It  is  of  a  white  or  slightly  yellowish  tint. 
The  rounded  grains  consist  of  white  (granitic)  quartz,  rose-quartz, 
and  red,  brown,  and  black  jasper ;  with  pebbles  of  slightly  kaolinised 
orthoclase  felspar.  The  angular  and  subangular  grains  consist  of 
quartz,  felspar,  hornblende,  sphene,  and  magnetite. 

Mud, — Appears  to  be  largely  made  up  of  chips  and  flakes  of  the 
above  minerals  with  biotite. 

Sample  3.    Depth,  17  ft.  6  in. 

Very  sandy  loam.  Consists  of  79*65  per  cent,  sand,  20*35  per  cent, 
mud. 

Sand, — ^Very  similar  to  last  sample,  but  the  well-rounded  grains 
are  fewer,  and  the  angular  and  subangular  ones  more  numerous. 
The  latter  consist  of  quartz,  orthoclase,  plagioclase- felspar  (rare), 
hornblende,  augite ;  also  black  and  brown  jasper. 

Mud, — Similar  to  last  sample. 

Sample  4.    Depth,  38  ft.  6  in. 

Sandy  loam.  Consists  of  6505  per  cent,  sand,  and  34*95  per  cent, 
mud* 
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Sand. — Mostly  angular  or  fmbanErntfir.     Ouly  a  few^well-ronnded 

(Trains.     Consists  of  quarU  {c;raii itic),  with  a  few  partieleB  derived 
from    motamorphic    rocks.      Microcline    and    orthoclase,    but   only 
very  slightly  kftolinifled ;  plapioclase- felspar,  hornblende,  augite  (?J, 
sphene  (?),  magnetite ;  with  red,  brown,  and  black  jasper. 
Muii.-^Aa  in  last. 

Sample  5.    Depth,  40  ft.  6  in. 

Sandy  loam.  Consista  of  60'83  par  cent,  satid,  1917  per  cent. 
mud. 

Sand. — Consists  of  abont  eqnal  propoi'tions  of  rounded  and  of 
angular  or  subangular  gmina.  The  materials  arp  quartz,  with  fine 
inclasions  of  ratilo,  apatite  {?),  &c.,  with  bands  of  liquid  and  gas 
cavities,  microcline  and  orthoplaae  (alightly  kaolinised),  plagioclaee- 
folapar,  hornblende,  red,  brown,  and  black  jasper,  glauconite  (?) 
grains. 

Mud. — Ab  in  last. 

Sample  6.     Depth,  45  ft. 

Sandy  loam.  Consists  of  68*72  per  cent,  sand,  31*28  per  cent, 
mud. 

Sa/nd. — The  angnlar  and  Bubangnlar  particles  preponderate  over 
the  rounded  ones.  The  mineralH  represented  are  qnartx  (granitic), 
with  hair-like  incluaions  (rutile),  qnariz  of  metamorphic  origiD, 
microcline  and  orthoclase  (slightly  kaoHnised),  plagioclase-felspar, 
hornblende,  and  biotite.     Also  red,  black,  brown,  and  green  jasper. 

Mtid. — As  in  last. 

n.  Boring  at  Eafr-ex-Zayat. 
Sample  I.    Depth,  3  ft. 

Mould  of  yellowish -brown  colour.  Consists  of  2*35  per  cent,  sand, 
and  9765  mnd. 

Sand. — Mostly  angular  or  anbangnlar.  but  a  few  well-rounded 
grains  present.  Consists  of  grains  of  quartz  (granitic),  with  many 
acicular  crystals  incloited,  and  bands  of  cavities.  Fragments  of 
hornblende  abonnd.  Orthoclase  and  a  little  plagioclase -felspar, 
jasper,  and  small  calcareous  concretions.     Vegetable  matter. 

Mud. — Contains  much  organic  matter.     Frnstules  of  diatoms. 

Sample  2.    Depth,  4  ft. 
Light  coloured,  sandy  loam.      Consists  of   30*42  per  cent,  sand, 
69*68  per  cent.  mud. 
Sand, — About  an  equal   admixture  of   rounded  with  angular  or 
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Bubangnlar .grains.    Consists  of  the  usual  minerals,  bat  mica  (biotite) 
in  thin  brown  plates  occurs  in  tolerable  abundance. 
Mud, — Presenting  the  usual  characters. 

Sample  3.    Depth,  1 1  ft. 

Pale  coloured,  very  sandy  loam.  Consists  of  50*99  per  cent,  sand, 
49*01  per  cent.  mud. 

Sand. — Mostly  angular  or  subangular,  with  a  few  well-rounded 
grains.  The  usual  minerals,  with  smoky  quartz,  tourmaliue,  and 
sphene  (?).     Fragments  of  silicified  wood. 

Mvd, — Presents  the  usual  characters. 

Sample  4.    Depth,  19  ft. 

Coarse  sand  of  ash-grey  colour.  Consists  of  87*41  per  cent,  sand, 
and  12*59  per  cent.  mud. 

Sand, — For  the  most  part  made  up  of  large,  well-rounded  grains, 
nearly  all  of  which  are  colourless  quartz  (granitic),  with  a  few  of 
jasper  and  felspar  (^including  orthoclase,  microcline,  and  plagioclase). 
Also  a  few  calcareous  concretions.  The  smaller  sand  grains  are  some- 
times angular,  and  sometimes  subangular ;  they  consist  of  the  usual 
minerals,  including  both  hornblende  and  mica. 

Mud, — Consists  almost  entirely  of  inorganic  particles. 

Sample  6.    Depth,  26  ft. 

Very  coarse,  nearly  white  sand.  Consists  of  90*19  per  cent,  sand, 
9*81  per  cent.  mud. 

Sand, — The  coarser  grains  are  nearly  all  well-rounded,  and  are,  in 
fact,  converted  into  beautiful  pebbles.  These  larger  grains  are 
usually  quartz  (granitic),  but  well-rounded  fragments  of  hornblende 
and  felspar  also  occur,  with  red,  yellow,  and  brown  jasper  by  no 
means  rarely.  The  smaller  grains,  which  are  usually  angular  or  sub- 
angular,  include  a  greater  variety  of  materials. 

Mud, — Composed  almost  wholly  of  mineral  particles. 

Sample  6.    Depth,  35  ft. 

Sand  similar  to  last,  but  finer  grained.  Consists  of  86*42  per  cent, 
sand,  13*58  per  cent.  mud. 

Sand, — The  coarser  particles  usually  well-rounded  and  composed  of 
qaartz  (granitic),  with  numerous  and  large  liquid  inclnsions,  with  a 
little  felspar  and  hornblende.  There  occurred  in  this  sample  a 
calcareous  fragment  which  appeared  to  be  the  nucleus  of  an  Ammonites 
(Jurassic  ?).  The  finer  sand,  which  is  angular  or  subangular,  consists 
of  the  usual  minerals,  the  quartz  of  metamorphic  rocks  being 
commoner  than  is  usually  the  case. 

Mud, — Of  usual  character. 

rot*  xxxjx.  ^ 
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SiMPLR  7.     Depth,  40  ft. 

Dark  colonred  aand.  CoDBists  ot  81'94  per  cent,  aand,  and  18'06 
per  cent.  mnd. 

Sand. — Composed  of  very  different  eised  particleB(  the  coarser 
being  nearly  always  well-rounded  pebbles  of  colourless  quartz,  with 
Bonie  jasper.  A  large  proportion  o£  the  finer  saiiil- grains  in  this 
sample  aro  also  well  ronnded. 

Hud. — Of  usual  character. 

Samplk  8.     Depth,  48  ft. 

Lighter  coloured  sand.  ConHists  of  87'23  per  cent.  Band,  and  1277 
per  cent.  mad. 

Band. — Varies  greatly  in  coarsenesa,  many  of  the  Bmatler  grains 
being  wpII  rounded.  The  rounded  grains  are  almost  all  eolonrle«a 
quartz  (granitic),  bat  Hmoky  quartz,  row-qaartz,  citrine,  and  jagper, 
are  not  rare.     The  finer  aand  consists  of  the  usoal  niineiiUs. 

Mud. — Usnal  characters. 

Sahflb  9.    Deptb,  55  ft. 

Dark  coloured  mnd.  ConBista  of  0'25  per  cent,  sand,  and  99'75 
per  cent.  clay. 

Sand. — Fine  grained,  and  composed  in  great  part  of  calcareoas 
concretions  of  the  mnddy  particles.  Most  of  the  other  grains  arc 
angular,  and  consist  of  the  nsoal  minerals;  well-ronnded  qnarrz 
grains  are  very  rare  in  this  sample. 

Mud. — Consisting  of  coarser  particles  than  usual,  is  seen  to  be  made 
up  of  quartz,  felspar,  hornblende,  and  mica  fragments,  and  kaoliii 
particles  are  rare. 

Sample  10.    Depth,  60  ft. 

Dark  coloured  sand,  clay,  or  mnd.  Consists  of  12'60  per  cent. 
sand,  and  87'40  per  cent.  mud. 

Sand. — Mostly  well-rounded  grains  of  qnarts,  with  hornblende  and 
calcareous  concretions  by  no  means  rare.  Grains  of  black  carbonised 
vegetable  matter. 

ifud. — Contains  mnch  organic  matter  and  some  kaolin  particks, 
with  the  same  mineral  fragments  as  in  the  last  sample. 

Samflb  11.     Depth,  66  ft. 
Dark  colonred  very  sandy  clay.     Consists  of  62'07  per  cent,  sand, 
and  37'93  per  cent.  mud. 

Band. — Mostly  fine  grained,  and  the  particles  generally  angular.  A 
few  well-rounded  quartz -particles  ;  plagioclase  and  orthoclase  felspar, 
bombleade,  Jcc.,  also  occur.     Seversil  angalar  and  sabaugular  frag- 
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ments  of  a  clear  glass  exhibiting  strain-phenomena  by  polarised  light 
— probably  of  artificial  origin. 

Mitd. — ^Almost  wholly  composed  of  very  fine-grained,  inorganic 
particles. 

Sample  12.    Depth,  75  ft. 

Lighter  coloured,  sandy  clay.  Consists  of  66*38  per  cent,  sand,  and 
36*62  per  cent.  mad. 

Sand, — Of  very  different  degrees  of  fineness,  the  coarser  grains 
being  nearly  all  well  rounded.  The  usual  minerals  are  seen,  including 
yery  fine  microcline  and  large  pieces  of  muscovite. 

Mud, — Consists  of  inorganic  particles,  none  very  fine.  Quartz, 
felspar,  and  hornblende  can  be  recognised  among  the  larger  ones. 

III.  Boring  at  Tantah, 
Sample  1.    Depth,  4  ft. 

Dark  coloured  mould.  Consists  of  1*71  per  cent,  sand,  and  98*29 
per  cent.  mud. 

Sand, — Generally  angular  or  subangular,  with  some  rounded 
grains.  Many  fragments  of  brick,  and  some  splinters  of  green  glass. 
Many  calcareous  concretions.     Much  carbonaceous  matter. 

Mud, — Consists  principally  of  organic  matter,  with  some  mineral 
fragments. 

Sample  2.     Depth,  8  ft.  6  in. 

Hard  brown  clay.  Consists  of  7*27  per  cent,  sand,  and  92*  73  per 
cent.  mud. 

Sand. — Contains  both  coarse,  rounded  grains  and  finer,  angular  or 
subangular  ones.  Quartz,  hornblende,  and  the  other  minerals  usually 
present  are  represented.  Pale  coloured  granular  calcareous  particles. 
Dark  coloured  argillo-calcareous  particles  (like  those  represented  on  a 
large  scale  at  greater  depths). 

Mtid, — Generally  very  fine  grained,  with  some  organic  particles. 

Sample  3.    Depth,  18  ft. 

Hard  brownish  clay.  Consists  of  8*78  per  cent,  sand,  and  91*22 
per  cent.  mud. 

Sand, — ^Made  up  of  granular  calcareous  particles,  with  only  a  few 
grains  of  sand,  rounded  or  angular,  consisting  of  quartz  and  the  usual 
minerals.  One  fragment  of  red  brick,  and  a  number  of  particles  of 
black  slag,  full  of  bubbles  (resembling  slag  of  Roman  iron-furnaces). 

Mud, — Contains  some  coarse  particles  of  difEereiit  til\ti!^t^\%. 
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Sauplk  4.     Depth,  22  tt.  6  in. 

Dark  colowod  loam.  ConsiBta  of  31-56  per  oent.  saud,  and  68-4-1 
per  cent.  rand. 

fiand, — Consists  oE  an  admintnre  of  rounded  snbangnlar  and 
iiugular  graina  of  the  nsnal  minei-als,  A  smaller  admixtnre  of  caU 
iiarooTis  particles  of  both  types. 

Jf(u^~ Consists  largely  of  Sue  fragments  of  tlie  usual  minerals. 

Sample  5.    Depth,  31  ft. 

Dark  coloured  sandy  loam.  ConsistB  of  SE'^S  per  cent,  sand,  and 
60*S7  per  cent.  mud. 

Sand. — Made  up  of  fine-grained  mal^rials,  in  which  subangnlar 
fragments  predominate-  they  consist  of  tho  usual  minerals,  with  a, 
few  light  coloured  calcareous  concretions. 

Muii. — Conaifita  of  coarse  particles  of  the  uanat  minerals. 

Si«pi.B  C.     Depth,  40  ft. 

Dark  coloured  sand,  Conaists  of  8070  per  cent,  sand,  and  1930 
per  oent.  mud. 

Sand. — Much  coarser  (hau  nsnal,  the  particles  mostly  well  rounded  ; 
they  may  be  called,  indeed,  qnartz  pebbles.  The  nsnal  minerals  arc 
represented,  with  the  addition  of  zircon  and  enstatite  (P).  Calcareous 
concretions  and  a  derived  fossil  (obscure). 

Hfvd. — Very  fine  grained. 

Sample  7.    Depth,  46  ft. 

Lighter  coloured  very  coarse  sand.  Consists  of  9690  per  cent. 
sand,  4'10  per  cent.  mud. 

Sand. — Made  up  of  coarse  grains,  all  well  rounded  and  polished. 
Milky  quartz  and  amethyst  recognised.  Only  a  small  quantity  of 
angular  and  snbangulur  fragments.     Calcareous  concretions  present. 

Mud. — Very  fine  grained. 

Sample  8.    Depth,  55  ft. 

Very  coarse  sand.  Conaists  of  9771  per  cent,  sand,  and  2-29  per 
cent.  mnd. 

Sand. — Made  np  of  coarse  particles  of  different  minerals,  all  well 
rounded ;  some  angular  fragments  of  limestone.  Among  the  ronnded 
particles  the  following  minerals  were  detected ;  colourless  (granitic) 
quartz,  citrine,  jasper,  milky  and  rose  quhrtz,  iolite  (cordierite), 
tourmaline,  nephrite  (?), 

Jfuri. — Smal}  in  qnantity,  and  very  fine  gmined. 
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Sample  9.    Depth,  66  ft. 

Excessively  coarse-grained  sand.  Consists  of  99 '53  per  cent,  sand, 
and  0'47  per  cent.  mud. 

Sand, — Made  up  of  large  well-roanded  grains  of  qnartz  of  all 
colonrs,  with  jasper,  &c.  Angalar  fragments  of  limestone  of  a 
tofaoeons  character  of  considerable  size.  Fluorspar.  One  piece  of 
jade  which  did  not  show  signs  of  being  worked. 

Mud, — Very  fine  grained. 

Sample  la     Depth,  58  ft. 

Beddish-brown  sandy  loam.  Consists  of  59*09  per  cent,  sand,  and 
40*91  per  cent.  mud. 

Sand. — Coarse  well-rounded  particles,  with  an  admixture  of  angular 
ones.  Among  rounded  particles,  several  of  jade.  Other  minerals  as 
usual,  with  black  jasper  or  Lydian  stone,  tourmaline,  fluorspar. 
Angular  fragments  of  tufaceous  limestone,  containing  sand  grains. 

Mud, — Very  fine  grained,  with  some  organic  matter. 

Sample  11.    Depth,  68  ft. 

Hard  reddish-brown  clay,  with  some  calcareo-argillaceons  con- 
cretions.    Consists  of  7'76  per  cent,  sand,  and  92*24  per  cent.  mud. 

Sand, — Admixture  of  large  well-rounded  particles  of  quartz  and 
smaller  subangular  ones  of  different  minerals,  with  irregular  calcareo- 
argillaceous  grains. 

Mud, — Made  up  of  coarse  particles  of  different  minerals* 

Sample  12.    Depth,  73  ft. 

Ash-g^y  sandy  loam.  Consists  of  59*95  per  cent,  sand,  and  40^5 
per  cent.  clay. 

Sand, — Bather  fine,  and  mostly  subangular  or  angular,  with  some 
large  and  well-rounded  grains.  The  usual  minerals  are  present,, 
including  amethyst  and  milky  quartz. 

Mud, — Bather  coarse  grained,  and  consisting  of  recognisable 
mineral  particles. 

The  samples,  with  the  preparations  made  from  them,  have,  by  the 
desire  of  the  Delta  Committee  of  the  Boyal  Society,  been  deposited 
in  the  British  Museum,  Natural  History,  Cromwell  Bead,  South 
Kensington. 
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IV.  "On  Evaporation  and  Diaeociation.  Parti."  By  Professor 
AVxLUAsi  Ramsay,  Ph.D.,  and  Sydney  Young,  D.Sc, 
Lecturer  and  Uemouetrator  of  Chenjistiy  in  Univeniity 
College,  BristoL  Commui  ucated  by  Profi^asor  Stokes, 
Sec.  H.S.     Received  August  4,  1885. 

(Abstract.) 

Thti  authors  describe  ezperimenta  made  with  the  object  of  ascer- 
tnining  whether  the  cuiocidence  of  the  cnrvi's  which  represent  the 
vapour- pressures  of  stable  solid  and  liquid  substances  at  different 
temperatures,  with  those  indicating'  the  maximum  temperatures 
attainable  by  the  same  sabstances  at  different  pressures,  when 
evaporating  with  a  free  surface,  holds  goud  also  for  bodies  which 
dissociate  in  their  passage  to  the  gaseous  state.  The  subBtances 
examined  were  chloral  hydrate,  chloral  methyl,  and  ethyl  alcoholates, 
butji  chloral  hydrate,  ammoiiiutn  carbonate,  animoniom  chloride, 
nWeliyde  ammonia,  phthalic  acid,  succinic  acid,  nitric  peroiide,  and 
acetic  ac!d. 

These  sabatanceB  fall  into  two  classes,  the  first  inclnding  bodies 
giving  coincident  curves,  viz.,  nitric  peroxide,  ammoniam  chloride, 
and  acetio  acid,  the  second  containing  the  remaining  substances, 
which  do  not  show  ench  coincidence.  Comparing  the  members  of  the 
second  class  with  each  other  as  regards  temperatures  of  volatilisation, 
it  is  found  that  in  those  cases  in  which  dissociation  is  complete,  or 
nearly  so,  the  temperatures  of  Tolatilisation  are  independent  of  pres- 
sure and  do  not  form  a  curve.  When  dissociation  is  less  complete,  as 
with  soccinic  and  phthalic  acids,  a  mdimentaiy  curve  is  observable, 
and  with  aldehyde  ammonia,  which  is  muoh  more  stable,  the  tempera- 
tures of  volatilisation  form  a  regular  curve  resembling  a  vapour- 
pressure  curve. 

All  those  sabstancea,  however,  give  curves  representing  pressures 
of  dissociation,  generally  similar  in  form  to  vapour-preasnre  curves, 
and  a  comparison  of  these  carves  with  those  representing  t«iiipera- 
tures  of  volatilisation  wonld  indicate  that  the  smaller  the  amount  of 
dissociation  tbe  nearer  the  carves  ajtproach  each  other  both  in  form 
and  position. 

It  is  noticeable  that  in  tbe  formation  of  bodies  of  the  seoond  class 
a  molecule  of  water  or  ammonia  is  invariably  broken  down,  whereas 
with  nitric  pproside  and  acetic  acid  direct  nnion  of  like  molecoles 
takes  place,  and  there  is  no  such  rupture  as  in  the  previous  cases. 
Ag  ammonium  chloride  resembles  these  substances  in  the  likeness  of 
beir  beb&vioar  to  tb&i  of  stable  solida  and  lit^aids,  it  may  perhaps  be 
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conjectared  that  the  molecule  of  hydrogen  chloride  is  not  broken 
down  in  its  nnion  with  ammonia  to  form  ammonium  chloride.  Should 
this  conjecture  not  be  accepted  as  correct,  it  will  be  necessary  to  seek 
for  an  explanation  of  the  phenomena  observed  bj  some  relationa  yet 
to  be  discovered. 


V.  **  On  the  Phenomena  accompanying  Stimulation  of  the 
Gland-Cells  in  the  Tentacles  of  JJroaera  dichotoma.*'  By 
Walter  Gardiner,  M.A.,  Fellow  of  Clare  College, 
Cambridge,  Demonstrator  of  Botany  in  the  University. 
Communicated  by  Professor  M.  FOSTER,  Sec.  R.S,  de- 
ceived September  5,  1885. 

(Preliminary  Communication.) 

Method  of  Essearch, — Pieces  of  unstimulated  leaves,  and  of  leaves 
stimulated  for  periods  varying  from  5  minutes  to  72  hours,  were 
examined  fresh,  or  after  treatment  with  alcohol,  picric  acid,  chromic 
acid,  or  osmio  acid.  The  most  satisfactory  results  were  obtained 
from  specimens  treated  for  12  hours  with  1  and  2  per  cent,  chromic 
acid;  such  strengths  dissolving  the  tannin  precipitate  first  formed,. 
and  fixing  the  structures  most  successfully.  The  leaves  were  fed 
principally  upon  small  flies  or  pieces  of  frog  muscle,  since  these  were 
found  to  succeed  best.  Heat  stimuli,  electrical  stimuli,  and  stimulus 
produced  by  contact  or  cutting  were  also  employed. 

Oetieral  Histology, — As  regards  the  general  histology  of  the  ten- 
tacles, one  may  notice  that  the  glaud-cells  of  the  head  are  provided 
with  delicate  uncuticularised  cell- walls,  which  are  remarkably  pitted 
on  their  upper  or  free  surfaces ;  that  the  rest  of  the  epidermal  cells 
of  the  tentacles  have  their  exterior  walls  excessively  cutioularised  and 
resistant,  and  that  their  radial  longitudinal  walls  are  freely  pitted. 

Structure  of  the  Besting  Qland-CeVs. — In  the  typical  resting  gland- 
cell,  the  protoplasm  is  arranged  in  a  network  or  reticulum.  The 
meshes  of  this  reticulum  are  excessively  close  around  the  nucleus, 
which  is  situated  at  the  base  of  the  cell,  but  towards  the  free  surface 
they  are  much  more  open;  the  close  and  more  open  arrangement 
merging  the  one  into  the  other.  The  meshwork  extends  through  the 
whole  of  the  cell  cavity,  and  the  interstices  between  the  meshes  are 
occupied  by  the  pink  cell  sap ;  the  whole  being  bounded  by  the 
ectoplasm.  The  gland-cells  at  the  base  of  the  head  differ  somewhat 
in  structure  from  the  more  apical  cells,  as  also  do  all  the  cells  of  the 
short  stalked  tentacles  which  are  situated  at  the  centre  of  the  leaf. 
In  neither  of  the  three  layers  of  cells  covering  the  tracheldal  cells  of 
the  fadad  could  any  obvious  movement  of  the  proU>p\»ai£L\^^  ^W^\a^ 
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I  Tlie  epidermal  cells  of  the  etalk  of  the  tentacles  posaess  in  the 
resting  condition  the  following  stroctore.  In  each  cell  there  is  a 
lenticular  nuclens,  and  chlorophyll  grains  are  present  on  the  side  of 
the  wall  next  the  vaacolar  handle.  These  struct.nrctj  are  sitnatM  in  the 
ectoplai^m,  and  take  no  part  in  the  movement  of  rotation.  In  addi- 
tion to  these  a  body,  which  is  nsnally  spindle-shaped  or  ncicnlar,  is 
present  in  the  cell,  and  genei-ally  occupies  such  a  position  that  it 
8tret<!hes  diagonally  anroBs  the  cell  fiom  end  to  end,  the  two  ex- 
tremities being  embedded  in  the  cell  protoplasm.  I  shall  speak  of 
thia  liody  at  present  a^  the  •plattoid,  on  account  of  certain  resem- 
blances it  beftva  as  regards  its  m icrochemical  reactions  to  plastida. 
This  name  may  possibly,  however,  not  be  retained.  The  plaaloid  is 
fixed  to  some  eitent  by  absolute  alcohol  or  chromic  acid.  With  dilnle 
alcohol  it  swells  up  and  disappears.  With  iodine  it  becomes  dis. 
organised  and  spberieal.      It  is  beat  fiied   by  watery  picric  acid,  and 

I  stains  vcTy  readily  and  at  once  w^th  Hofmana's  blue.  In  the  resting 
stage  the  plastoid  takes  no  part  in  the  movementfl  of  the  rotating 
endoplaam.  It  ia  present  in  all  the  epidermal  cells  of  the  leaf  except 
'  the  gland-cells  and  the  cells  immeiliately  beneath  the  same,  and  in  the 
bending  portitm  of  those  tentaclea  which  execnte  morements,  it  Js  very 
large  in  the  cells  of  the  conTex,  and  very  small  or  even  apparently  absent 
in  those  of  the  concave  side.  In  Dionma  it  also  occnrs,  being  large 
in  the  cella  of  the  npper  anrface  of  the  leaf,  and  very  small  in  those  of 
the  under.  The  cells  themselves  of  the  under  surface  in  Dionraaand 
of  the  concave  side  in  Drosera  are  also  smaller  than  the  others  of  the 
opposite  side.  The  protoplasm  of  the  tentacle  oella  is  very  clear 
and  hyaline,  and  the  whole  protoplasmic  ntricle  is  thin  and  closely 
pressed  against  the  cell- wait, 

Ckangetin  the  Otand-OelU  during  Sferetion. — The  cells  may  be  made 
to  secrete  by  the  combined  stimnlns  of  beat  and  moisture,  hy  direct 
contact,  or  by  electrical  stimnlos,  but  especially  by  the  Btimnlas  of 
food  applied  to  the  gland. 

The  histological  changes  which  occur  are  the  following.  After 
some  time  (24  hours)  a  gland  mounted  in  water  exhibits  a  mottled 
appearance,  such  mottling  being  caused  by  a  vacnolation  of  the  most 
peripheral  portions  of  the  protoplasm  of  the  gland-cells.  In  section 
Buchacell  shows,  that  in  the  course  of  secretion  there  has  been  a  using 
np  of  the  cell  contents,  and  instead  of  the  meshwork  occupying  the 
whole  of  the  peripheral  portion  of  the  cell,  so  as  to  give  a  fairly  homo- 
geneons  appearance,  largo  spherical  cavities  have  appeared  in  the 
reticninm  here  and  there :  snch  cavities  being  occapjed  by  the  cell  sap. 
The  sap  has,  moreover,  assumed  a  much  darker  pink  tint.  Thus  a 
breaking  down  or  destruction  of  some  part  of  the  reticninm  has  taken 
place.  After  some  72  hours'  stimulation  thia  breaking  down  of  the 
notioalnm  baa  reached  to  snch  an  extent  that  in  the  peripheral  portios 
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before  referred  to,  all  the  central  core  of  the  meshwork  has  for  the 
most  part  disappeared,  and  replacing  it  is  a  single  large  vacuole  filled 
with  cell  sap.  The  ectoplasm  has  moreover  contracted  from  the  upper 
or  free  surface  of  the  cell-wall.  In  no  case  does  this  destruction 
and  consequent  vacuolatiou  extend  to  the  base  of  the  gland-cells 
where  the  nucleas  is  situated.  The  nucleus  is  always  surrounded 
by  dense  protoplasm ;  and  there  are  grounds  for  believing  that 
after  very  long  stimulation,  when  all  the  secretion  has  been  poured 
out,  and  before  absorption  begins,  an  active  growth  of  protoplasm 
takes  place  around  the  nucleus  and  in  the  more  basal  portion 
of  the  cell.  In  certain  cases  the  secretion  can  be  seen  under  the 
microscope  to  escape  in  drops — apparently  through  the  pitted 
portions  of  the  cell- wall — and  the  drops  rapidly  taking  up  water 
and  being  forced  outwards,  assume  a  rod-like  foi*m,  and  present  a 
balo-like  appearance  around  the  gland.  This  also  occurs  in  the 
mucilage-secreting  cells  of  the  bladders  of  Utricularia.  The  exact 
part  taken  by  the  layer  of  cells  beneath  the  gland-cells  has  yet  to 
be  determined.  After  stimulation  their  vacuoles  are  occupied  by 
large  drops  of  cell  sap,  which  is  of  a  purple  or  even  black  colour. 

The  view  here  taken  (which  is  supported  by  certain  of  the  staining 
reactions)  with  regard  to  secretion  is,  that  in  the  gland-cells  the 
mere  peripheral  network  consists  of  protoplasm,  together  with  some 
formed  substance  derived  from  it,  and  that  the  outpouring  of  the 
secretion  is  caused  by  the  repeated  breaking  down  (owing  to  stimula- 
tion) of  the  protoplasm  into  this  formed  substance,  which  is  of  a 
mncons  nature,  and  which  rapidly  atti^acts  water  and  so  escapes,  as 
the  secretion  to  the  external  surface. 

Changes  in  the  Stalk  Cells, — The  chief  phenomena  induced  in  the 
stalk  cells  either  by  contact  by  electrical  stimulus  or  by  feeding  are, 
that  the  protoplasmic  utricle  swells  up  and  encroaches  on  its  own 
vacuole,  that  granules  rapidly  appear  in  the  protoplasm,  and  that  the 
movements  of  rotation  increase  in  vigour.  Also  the  cell  becomes  less 
turgid,  and  after  long  stimulation  the  plastoid  and  the  nucleus  both 
tend  to  become  spherical.  These  changes  are  most  markedly  exhi- 
bited in  tentacles  stimulated  with  food.  The  protoplasm  in  swelling 
up  abstracts  water  from  its  own  vacuole,  and  in  so  doing  leaves  the 
tannin  in  the  sap,  in  a  comparatively  concentrated  condition.  The 
outlines  of  the  protoplasmic  utricle  are  now  rendered  clearer  than 
before.  As  previously  stated,  the  movements  of  rotation  become 
quickened  very  considerably,  and  numerous  waves  with  high  crests 
appear  on  the  surface  of  the  protoplasmic  utricle,  and  are  well 
registered  by  the  corresponding  disturbances  in  the  cell  sap.  The 
phenomenon  of  the  protoplasmic  waves  breaking  over  the  nucleus  with 
crests  reaching  nearly  across  the  vacuole  is  very  remarkable.  The 
kmg  and  narrow  shftpe  of  the  pells,  and  the  oombm^  ^^^vci^^^^Oi^ 
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protoplasm,  inorea^se  of  rate  of  rotatioa  and  wave  movemenlA,  cause 
the  cell  eap  to  be  so  disturbed,  anA  as  it  were  churned  np,  that  dropa 
of  the  Gap  become  cut  off  from  the  main  mass,  and  at  last  the  whole 
of  the  Bap  is  separated  into  numerona  distinct  portions  which  are 
suspended  in  the  protoplasm  as  oilj  drops,  and  are  carried  roand  in 
tlie  current*,  proswnting  the  appearance  of  moving  droplets,  pear- 
shaped  bodies,  and  long  string-like  processes.  The  et-li  in  this  con- 
dition was  kno>¥n  to  Darwin  as  "  n^regated."  When  movement 
ceases,  as  often  naturally  oconrs,  owing  to  exceBsive  secretion,  or  can 
be  induced  by  suddenly  crushing  the  tentacle  bead,  the  variously 
chaped  masses  become  spherical,  fLud  lie  quiescent  in  the  protoplasm. 
The  aggregation  produced  by  the  action  of  ammoiiic  carbonate  ia 
somewhat  different  from  that  brought  about  by  feeding,  and  may  be 
spoken  of  as  passive  as  opposed  to  active  aggregation.  In  this  case 
the  protoplasm  abstracts  water  from  the  vacuole  in  the  usual  way, 
and,  steadily  swelling,  chops  up  the  tjinnin.loaded  sap  of  the  long  and 
narrow  cells  into  separate  globaloH.  The  rotatory  movementB  cause 
these  globalcs  to  alter  their  foi'm,  but  the  movements  in  question  are 
nothing  like  so  vigorous  as  in  tLe  food-stimulated  gland,  and  the 
globules  are  rarely,  if  ever,  carried  bodily  about. 

When  the  protoplasm  swells  and  the  cell  becomes  aggregated,  the 
latter  always  loses  its  tnrgidity,  and  the  Btat«  of  aggregation  is 
accompanied  by  a  loss  of  water.  Injection  oE  water  into  the  tissae 
will  at  once  atop  aggregation  and  restore  the  cell  to  its  normal  condi* 
tion.  Sometimes  after  active  seoretioa  (48  hoars),  the  movemeats  of 
the  protoplasm  of  the  topmost  tentacle  stalk  cells  will  stop,  and  mnch 
ol  the  protoplasm  of  each  cell  now  collects  to  the  end  of  the  cell 
nearest  the  gland.  Mounting  in  water  will  'then  restore  the  move- 
ments- It  was  found  experimentally  that  the  collecting  of  the  proto- 
plasm to  one  eud  was  occasioned  by  the  upward  passnge  of  wat«r  to 
the  gland.  If  a  passage  of  water  be  set  up  in  an  opposite  direction, 
then  the  protoplasm  collects  to  the  opposite  end. 

When  the  more  rapid  movements  of  the  protoplasm  commence 
owing  to  stimulation,  the  plastoid  usually  becomes  bent,  and  then 
either  contracts  and  aasnmea  a  lenticular  form,  or  becomes  separated 
into  two  or  more  pieces  each  of  which  beoomes  lenticular.  lAter  on 
further  contraction  ensues,  and  the  plastoid  is  carried  ronnd  the  cell 
in  the  protoplasmic  stream.  The  more  the  cells  lose  their  tnrgidity, 
the  more  does  the  plastoid  tend  to  assume  a  spherical  form.  Il« 
spindle-shaped  elongated  form  may,  however,  be  restored  by  again 
bringing  about  tnrgidity,  e.g.,  by  injection  of  water  into  the  tissue. 
Thns  the  plastoid  may  be  regarded  as  a  tnrgometer,  since  it  indicates 
the  state  of  tnrgidity  of  the  cell.  On  account  of  certain  experiments 
»nd  observations  the  anthor  is  led  to  believe  that  all  differences  of 
'  trgiditj  in  celis  are  brought  about  hj  the  protoplasm  swelling  aad 
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becoming  porons,  and  that  the  method  of  establishing  a  loss  of 
tnrgidity  hj  solutions  of  neutral  salts  and  the  like  inyolves  a  state  of 
things  essentially  different  from  that  which  normally  ocours.  In 
the  one  case  the  protoplasm  itself  undergoes  change.  In  the  other 
the  cell  sap  is  violently  abstracted  by  artificial  means  from  the 
vmcnole  of  a  protoplasmic  utricle  which  is  endeavouring  to  protect 
itself  from  the  action  of  the  reagent. 

Movements  of  the  tentacles  may  be  brought  about  by  direct  contact 
and  by  cutting  or  injury,  by  electric  stimulus,  by  the  addition  or 
withdrawal  of  water,  and  especially  by  the  stimulus  of  food.  In 
all  these  cases  the  stimulant  upsets  the  existing  equilibrium  and 
brings  about  a  difference  of  turgidity  on  the  two  opposite  sides.  Loss 
of  water  by  plasmolysis  u&ually  induces  movement,  unless  the  salts 
employed  have  a  specific  action  upon  the  protoplasm.  Movement 
may  occur  without  aggregation,  and  secretion  may  occur  without 
movement,  but  whenever  well-defined  aggregation  takes  place,  move- 
ment always  follows.  Different  strengths  of  the  same  reagent  may 
bring  about  different  reactions.  Thus  a  0*1  per  cent,  solution  of 
chromic  acid  causes  both  movement  and  secretion,  while  with  a 
I  or  2  per  cent,  solution  neither  phenomenon  occurs.  Among  the 
curious  effects  of  various  salt  solutions  that  of  ammonic  chloride  may  be 
noted,  in  that  it  acts  markedly  as  a  sedative,  toning  down  aggregation 
and  restoring  turgidity.  It  was  very  generally  noticed  that  the  ten- 
tacles before  becoming  inflected,  moved  downwards  and  backwards, 
and  that  the  upward  and  inflected  movement  subsequently  took  place. 
When  a  tentacle  has  become  well  inflected  it  can  be  observed  that  at 
the  bending  point  the  cells  of  the  convex  side  are  very  turgid,  with  their 
plastoids  spindle  shaped,  and  that  little  or  no  aggregation  has  taken 
place,  while  in  the  cells  of  the  concave  side,  on  the  other  hand,  there  is 
well-marked  aggregation  and  loss  of  turgidity  ;  the  aggregation  after  a 
time  extends  to  the  convex  side,  the  cells  of  which,  in  their  turn,  lose 
their  tuigidity,  and  at  this  stage  all  the  cells  are  flaccid.  Later  on 
the  cells  of  the  concave  side  first  regain  their  turgidity,  and  now  the 
tentacle  is  bent  back  to  its  original  position  before  stimulation.  From 
certain  observations  on  Dionssa  and  Mimosa,  the  author  is  led  to 
believe  that  there  also  movement  is  made  possible  by  the  establishing 
of  sudden  and  different  conditions  of  turgidity  of  different  cells,  such 
differences  being  occasioned  by  the  induced  porosity  of  the  protoplasm 
of  certa>in  of  these  cells.  These  phenomena  occur  perhaps  in  all  cases 
of  movement. 

The  plastoid  markedly  decreases  in  size  after  long  stimulation 
in  both  DionsBa  and  Drosera.  There  are  therefore  some  grounds  for 
believing  that  it  consists  mainly  of  some  reserve  material  or  some 
substance  which  is  used  up  during  secretion.  Whether  the  crystal- 
loids in  the  nucleus  of  PinguicuJa  serve  a  eimiW  ^ut^o^  T^Ts^2^ca^&  \j(^ 
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e  seen,  for  at  anj  rule  a  plastoid  is  not  present.  A  somewbat  casual 
examination  waa  also  made  of  mnny  organs  of  movement,  bat  in  them 
no  [ilastoid  was  obRerved,  In  Broiera  rotundifolia  and  other  species 
plastoids  occur  wliich  resemble  those  of  Drotera  dichotoma.  Stvong 
single  induction  shocks  or  tetanising  currents  cause  the  plastoid  to 
assume  the  sphericai  condition,  or  very  frequently  to  break  np  into  a 
string  of  sraali  spheres.  A  sudden  blow  on  the  cover  slip  also  cansea 
the  assumption  of  the  spherical  form.  Moderately  strong  tetanising 
shocks  cause  swelling  of  the  protoplasm,  and  increase  of  rapidity  of 
movement  and  granularity.  Very  strong  shocks  may  canse  the  con- 
traction of  the  primordial  utricle  from  the  cell-wall  at  certain  small 
areas,  bat  immediate  death  always  ensues,  since  the  stimulus  required 
ia  abnormally  great.  The  normal  effect  of  a  regaiated  stimnlos  is  to 
induce  a  swelling  of  the  protoplasm  and  a  loss  of  turgidity,  and  in 
conseqaence  of  the  unequal  reaction  of  the  various  cells  to  such  a 
■timuluB,  movement  of  the  tentacle  also  occurs. 

[Note. — I  have  decided  to  name  the  body  which  I  have  provision- 
ally spoken  of  as  the  plastoid  "  the  rabdoid  "  (Gk.  rahdos,  s.  stick  or 
wand).  The  chang'e  in  form  of  the  rabdoid  appears  to  be  a  con- 
sequence of  the  molecalar  chan^^  in  the  protoplasm.  IMSerences  of 
turgidity  are  among  the  resnlta  of  these  changes. — Nov.  28,  1885.] 


VI.  "  On  Variationa  in  the  Amount  and  Distribution  of  Fat  in 
Ihe  Liver-Cells  of  the  Frog."  By  J.  N.  Langley,  M.A., 
F.R.S.,  Lecturer  on  Histology  in  the  University  of  Cam- 
bridge.    Received  September  23, 1885. 

I  have  in  a  previous  paper*  mentioned  some  of  the  changes  which 
occur  in  certain  circumstances  in  the  uamher  and  arrangement  of  the 
fat-globnles  in  the  liTer-i^Us  of  the  frog.  From  observations  mode 
since  that  time  at  different  seasons  of  the  year,  I  have  been  able  to 
aflcerlain  certain  points  undetermined  in  the  previous  account. 

Variationt  in  the  Amount  and  Diitribution  of  Fat  wltk  the  time  of 
Tear.— The  fat  in  the  liver-cells  is  at  its  maximnm  amount  in  Feb- 
mary  and  March.  In  January  it  is,  as  a  rule,  somewhat  less.  In 
April  it  rapidly  decreases  ;  from  May  until  December  it  is  present  in 
comparatively  small  though  varying  amouat.  It  is  usually  present 
in  minimnm  amount  in  September  and  October. 

Generally  speaking,  the  fat-globules  form  an  inner  zone  in  frogs 
which  have  hungered  more  than  a  week.  In  January,  February,  and 
March,  however,  the  fat-globules  ai'e  commonly  more  numerous  in 
the   outer  part  of    the   cells,  often  forming  a  distinct  onter'zone. 

•  "  Proe.  Boy.  Boo.,"  ^oV.  M,  u-  20. 
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Sometimes  the  globules  stretch  througboat  the  cells.  In  December, 
the  &t-globales  may  be  more  nnmeroas  in  the  outer  part  of  the  cells, 
bat  more  commonly  they  are  absent  from  the  outer  cell-region  and 
form  an  inner  zone.  At  other  times  of  the  year  also,  the  fat-globules 
may  be  present  in  the  outer  portion  of  the  cells,  but  this  is  com- 
paratively rare. 

From  April  to  November,  including  those  months,  the  globules 
may  be  very  few  and  small.  In  December,  this  is,  so  far  as  I  have 
observed,  very  rare.  In  January,  February,  and  March,  I  have 
always  found  fat-globules  to  be  present  in  considerable  number. 

Effect  of  Temperature, — In  December,  when  the  fat  in  the  liver  is 
increasing  in  amount,  cold  increases  the  amount  of  fat  stored  up,  and 
warmth  decreases  it. 

The  increase  of  fat,  consequent  on  a  decrease  of  temperature, 
occurs  chiefly  in  the  outer  part  of  the  cells.  The  fat-globules  which 
are  formed  are  fairly  large. 

The  decrease  of  fat,  consequent  on  increase  of  temperature,  occurs 
chiefly  or  wholly  at  the  outer  part  of  the  cells ;  as  a  rule,  the  number 
of  globules  in  the  inner  part  of  the  cells  is  increased.  The  decrease 
in  the  amount  of  fat,  whilst  due  in  part  to  a  decrease  in  the  number 
of  fat-globules,  is  due  to  a  still  greater  degree  to  their  decrease  in 
size. 

Although  warmth  lessens  the  amount  of  fat  in  the  liver  in  winter- 
frogs,  it  does  not  cause  the  fat  to  disappear  entirely.  The  eflect 
varies;  in  some  frogs  which  have  been  kept  seven  to  ten  days  at 
22°  C,  the  liver  may  still  have  considerably  more  fat  than  is  ordinarily 
present  in  the  liver  in  summer-frogs. 

In  summer-frogs,  in  which  the  fat-globules  form  an  inner  zone,  and 
are  nearly  or  entirely  absent  from  the  outer  cell-region,  neither 
warmth  nor  cold  afPects  to  any  great  degree  the  number  or  position 
of  the  fat-globules.  They  usually  diminish  somewhat  in  number  and 
size  with  increase  of  temperature,  but  this  is  not  necessarily  the  case. 
Variations  of  temperature  have  then  much  greater  effect  on  the 
amount  of  fat  in  the  liver  in  winter  than  in  summer,  i.e.,  w^hilst 
in  winter  the  ratio  of  fat  formed  to  fat  metabolised  is  greater 
in  the  cold  than  in  the  warm,  in  summer  this  is  not  necessarily 
the  case. 

Although  summer-frogs  have  sometimes  very  little  fat  in  the  liver, 
it  is  doubtful  whether  the  smallness  of  the  amount  is  due  either  to 
the  warmth  of  summer  or  to  hunger,  for  we  have  seen  that  warmth  does 
not  necessarily  cause  a  disappearance  of  fat  from  the  liver;  and  frogs 
after  long  hunger  have  not  infrequently  a  fair  amount  of  liver-fat  left. 
Hence  the  ratio  of  fat  formed  to  fat  metabolised,  depends  in  part  upon 
certain  unknown  conditions  of  the  body,  independent  of  temperature 
or  of  food. 
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Effect  of  Digestion. — When  frogs  are  fed,  e.g.,  with  worm§,  the  fat 
in  the  liver  at  first  decreaeos,  aft«r  some  hours  it  befjrjns  to  increase 
and  becomea  greater  than  at  the  befinniny  o£  digestion;  towards  the 
end  of  digestion  it  decreaees  a^in  in  amount,  so  thftt  in  ons  or  two 
days  the  amoant  is  normal.  Whilst  the  fat  in  decreasing  in  smoant, 
the  giobnlos  nsuallj  decrease  in  size;  whilst  the  fat  is  increasing  in 
amount,  the  globules  usually  increase  in  size,  and  are  found  in  the 
outer  region  of  the  cells.  Later,  as  the  fit  returns  to  normal,  the 
globules  form  more  and  moi-e  an  inner  zone. 

The  extent  of  the  changes  just  mentioned  as  occurring  dDring 
digestion,  as  well  us  the  period  of  digestion  at  which  they  occur, 
varies  very  conniderably  at  different  times  of  the  year,  and  in  different 
frogs.  Winter-fi-ogs  which  have  before  digestion  inucL  fat  in  the  liver, 
show  a  decrease  and  Bubseqaent  increase  of  fat  during  digestion,  but 
the  increase  is  commonly  not  more  than  sufficient  to  bring  the  fat 
up  lo  the  amount  pi'esent  before  food  was  given. 

In  some  cases  in  summer- frogs,  especially  in  September  and  Octo- 
ber, the  effect  of  feeding  is  very  slight.  There  are  also  certain 
differences  in  the  distribution  of  the  fat-globules  in  different  frogs,  in 
the  several  stages  of  digestion.  Uaaally  when  there  are  many  fat- 
globulca  present  in  the  outer  part  of  the  ceils  before  dige.ition,  they 
increase  in  namber  during  the  first  stage  of  digestion  in  the  inner 
part  of  the  cells ;  but  this  is  not  always  the  case,  whilst  disappearing 
from  all  parts  of  the  ctfll,  they  may  disappear  much  more  rapidly  from 
the  inner  than  from  the  outer  cell-region. 

Fnrther,  when  fat-globules  are  present  in  the  inner  zone  only,  it 
may  happen  that,  although  they  increase  somewhat  in  namber  in  the 
cells  in  the  later  stages  of  digestion,  they  do  not  accnmnlate  in  the 
outer  cell-region,  bat  are  sparsely  scattered  in  the  outer  cell-region, 
and  are  more  numeroas  in  the  inner  cell-region. 

Probably  these  differences  are  to  be  accounted  for  in  the  following 
way. 

We  have  seen  that  when  fat  is  present  in  considerable  amoant, 
it  is  present  almost  without  exception  in  greater  qaantity  in  the  onter 
than  in  the  inner  part  of  the  cells,  and  that  in  most  cases,  as  it  is 
increasing  in  amoant,  whether  frem  decrease  of  temperature,  or  from 
digestion,  it  increases  in  the  outer  part  of  the  cells,  frequently  being 
found  close  to  the  basement  membrane.  Hence  we  may  conclude, 
that  fat  is  formed  more  rapidly  in  the  oat«r  than  in  the  inner  part  of 
the  liver-colle. 

We  have  seen  that  when  winter  frogs  are  kept  in  the  warm,  it  is  in 
the  outer  portion  of  tbe  cells  that  the  fat  chiefly  disappears,  and  that 
in  summer-frogs,  fat  is  rarely  found  except  in  the  inner  cell-region. 
Hence  probably  the  metabolism  as  well  as  the  formation  of  fat  is  more 
rapid  in  the  outer  than  in  the  inner  cell-region. 
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Further  we  have  seen  that  in  winter-frogs  kept  in  the  warm,  and  in 
fed  winter-frogs,  there  is  commonly  an  increase  in  the  number  of 
fat-globnles  in  the  inner  zone  although  the  total  amount  of  fat  is 
mnch  diminished.  Hence  probably  there  is  in  certain  circumstances 
a  transference  of  fat-globules  from  the  outer  to  the  inner  part  of  the 
oells.  The  amount  of  fat  present  in  the  liver  of  course  depends  upon 
the  relative  rates  of  formation  and  metabolism  of  fat,  and  as  this  varies 
in  different  circumstances,  so  probably  the  rate  of  transference  of  fat 
from  the  outer  to  the  inner  cell- region  varies  in  different  circum- 
stances. To  this  the  differences  spoken  of  above  are  probably  due. 
In  summer  frogs  for  example,  whilst  in  the  later  stages  of  digestion 
&t  is  formed  more  rapidly  in  the  outer  cell-region,  an  accumulation 
of  fat  in  this  region  may  not  take  place,  partly  on  account  of  the  more 
rapid  metabolism  of  the  fat  formed,  and  partly  on  account  of  its  more 
rapid  transference  to  the  inner  cell-region. 

Some  of  the  fat-globules  in  the  inner  zone  are  no  doubt  passed  out  of 
the  cell  with  the  bile  secreted,  for  some  small  fat-globules  are  always 
present  in  the  bile. 

One  other  conclusion  we  may  draw  with  regard  to  the  fat-globules : 
since  they  diminish  in  size  under  the  influence  of  warmth,  and  in  the 
first  stage  of  digestion,  it  is  probable  that  each  separate  fat- globule  is 
slowly  metabolised  in  the  same  way  that  mesostate  granules  in 
secretory  glands  are  metabolised.  The  granules  of  the  salivary 
glands,  of  the  gastric  glands,  of  the  pancreas,  are  not  dissolved  as  a 
whole  during  secretion,  they  are  dissolved  steadily  and  gradually. 

The  Effect  of  Peptone  and  of  Dextrin. — From  June  to  August, 
peptone  or  dextrin,  when  injected  into  the  dorsal  lymph-sac  of  a  frog, 
produces  changes  like  those  produced  by  feeding ;  t.e.,  there  is  at  first 
a  decrease  in  the  amount  of  fat  in  the  liver,  then  an  increase  chiefly 
in  the  outer  part  of  the  cells,  and  this  is  succeeded  by  a  decrease  to 
the  normal  state,  daring  which  the  fat-globules  become  shifted  from 
the  outer  to  the  inner  cell-region.  The  increase  of  fat  is  usually 
g^reater  with  dextrin  than  with  peptone.  As  a  rule  the  increase  in  the 
amount  of  fat  takes  place  three  to  four  hours  after  peptone  has  been 
injected  ;  in  twenty  to  thirty  hours  after  the  injection,  the  fat-globules 
are  present,  as  at  starting,  in  the  inner  cell-region  only.  The  times 
at  which  the  various  changes  take  place  vary,  however,  in  different 
frog^.  If  frogs  are  kept  in  the  warm  and  peptone  is  injected,  the 
effect  on  the  fat  in  the  liver  is  much  less  than  when  the  frogs  are  at 
the  ordinary  temperatures.  In  September  the  effect  of  peptone 
appears  to  be  less  than  from  June  to  August.  In  the  winter  months 
I  have  not  made  a  sufficient  number  of  experiments  to  be  certain  what 
changes  peptone  and  dextrin  then  produce. 

Sewall  has  pointed  out  that  peptone  injected  into  the  dorsal  sac  of 
a  frog,  causes,  in  one  to  two  hours,  the  stomaok  to  Vm  diY&WQAn^  V\^ 
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fluid  of  »  nentral  or  slightly' acid  reaction. 
Btomach  occurs  in  modt  but  not  iu  all  cases, 
usually  alkaline,  sometimes  both  the  mucons  Qu 
the  titomacli-'wall  itself  are  Btron^ly  alkBline. 
smnU  amount  of  pepRio.  Dextrin  produue 
dklenoion  of  the  stomach,  the  n^ucous  Qnid  i 
acid.  I  may  nnetition  that  digestion  in  the  frog  is  delayed  ^ 
greatly  by  peptone,  and  slightly  by  dextrin.  The  stimulufl  set  up  by 
the  Snid  in  the  stomach  may  have  something  to  do  with  tlio  changes 
in  the  liver  which  follow  injection  of  peptone  or  of  dextrin.  Bat 
since  the  changes  in  the  liver  occur  In  the  cases  in  which  the  injection 
causes  little  or  na  formation  of  fiuid  in  tbe  stomach,  I  attribute  them 
in  the  main  to  the  direct  action  of  the  sabstance  injected.  This  I  am 
the  more  inclined  tn  do  since  I  find  that  both  peptone  and  dextrin 
oauae  ill  a  few  hours  an  accumulation  of  glycogen*  in  the  liver  iu 
Bn  miner- frogs. 
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THE  PRESIDENT  in  the  Chair. 


Tn  pursuance  of  the  Statntes,  notice  was  given  from  the  Chair  of 
the  ensuing  Anniversary  Ueeting,  and  the  list  of  Officers  and  Cooncil 
nominated  for  election,  was  read  as  follows : — 

Prmdeni. — Professor  George  Gabriel  Stokea,  M.A.,  D.C.L.,  LL.D. 

Treasurer. — John  Evans,  D.C.L.,  LL.D. 


SecTetaries. — 


r  Professor  Michael  Poster,  M.A.,  M.D. 
XThe  Lord  Bayleigh,  M.A.,  U.C.L.  ■ 


Foreign  Secretary. — Professor  Alexander  William  WUIiamson,  LL.D. 

Other  Memheri  of  the  Council— Peoleaaor  Robert  B.  Clifton,  M.A. , 
Professor  James  Dewar,  M.A. ;  Professor  William  Heniy  Flower, 
LL.D.;  Archibald  Geikie,  LL.D.;  Sir  Joseph  D.  Hooker,  K.C.S.I.; 
Professor  Thomas  Henry  Huxley,  D.C.L.,  LL.D.;  Admiral  Sir  A. 
Cooper  Key,  G.C.B. ;  J.  Norman  Lockyer,  F.R.A.S. ;  Professor 
Henry  N.  Moaeley,  M.A.  ;  Professor  Bartholomew  Price,  M.A,  ; 
Reverend  Professor  Pritchard,  D.D.,  F.R.A.S. ;  William  James 
Rnssell,  Ph.D. ;  Protesaor  J.  S.  Bnrdon  Sanderson,  LL.D. ;  Professor 

*  Seegetx  baa  thowa  that  peptoue  iuorBwet  the  amount  of  eugar  in  the  liver. 
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Artbnr    Scbnsier,    Ph.D.;    Lieutenant- General  R.   Strachej,   R.E,, 
C.8.I. ;  Oeneral  James  Thomas  Walker,  G.B. 

Snrgeon-Major  James  Edward  Tiernej  Aitchison  (elected   1883) 
was  admitted  into  the  Society.. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered 
for  them. 

The  following  Papers  were  read  ; — 


L  "  On  the  Fertiliaed  Ovum  and  Formation  of  1>he  Layers  of 
the  South  African  Peripatus."  By  Adam  Sedgwick,  M.A., 
Fellow  of  Trinity  College,  Cambridge.  Communicated  by 
Professor  M.  Foster,  Sec.  R.S.  Received  October  18, 
1885. 

The  Fertilised  Ovum  and  He  Nucleus. 

The  fertilised  ovnm  of  Peripattis  capensis  contains  a  central  cavity 
traversed  by  a  few  strands  of  protoplasm. 

The  protoplasm  has  a  reticular  or  spongy  structure,  the  reticulum 
being  very  close  round  the  nucleus  and  much  looser  elsewhere.  The 
strands  of  the  reticulum  are  composed  of  an  apparently  perfectly 
homogeneous  protoplasm.  The  nucleus  is  .placed  on  one  side  of  the 
ovnm ;  it  is  a  large  body  which  varies  very  considerably  in  shape  and 
structure  in  different  ova.  These  variations  no  doubt  represent 
different  phases  in  the  life-history  of  the  nucleus.  It  has  been 
impossible  for  me  with  the  small  number  (ten)  of  unsegmented  ova 
at  my  disposal  to  determine  their  sequence. 

The  nucleus  of  the  fertilised  ovum  is,  however,  so  large  and 
favourable  for  study  that  I  have  thought  it  worth  while  to  describe 
three  different  stages  in  which  I  have  seen  it. 

1.  A  spherical  structure  (diameter,  0*04  mm.)  bounded  by  a  mem- 
brane, which  is  slightly  indented  at  one  point,  where  it  sends  in  a 
prolongation  of  itself,  which  passes  through  the  nucleus  to  become 
continuous  with  the  membrane  of  the  opposite  side.  The  nucleus  is 
made  up  of  a  fine  spongework  of  very  pale  fibrils,  which  are  continuous 
unth  the  nuclear  membrane  and  with  the  septum  just  mentioned.  In  this 
spongework  are  a  number  of  deeply-stainiug  more  or  less  spherical 
bodies.  The  nuclear  membi*ane  and  septum  appear  precisely  similar  in 
structure  to  the  strands  of  the  external  protoplasmic  reticulum,  and 
the  latter  are  continued  directly  into  the  former.  The  pale  nuclear 
reticulum  is  also  similar  to  the  extra-nuclear  retioulxnn.)  ^i^^vvck^  ^t^^ 
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in  intensity  of  Btnining.  The  deeply-staining  bodies  in  the  nnclens 
are,  I  think,  placed  in  the  strands  of  the  pale  reticnlam  ;  bat  of  thii 
T  am  not  certain. 

This  nncleas  then  consists  of  a  simple  spongeirork  of  protoplasm, 
diOering  only  from  the  external  protoplasm  in  the  I'aut  tliat  the  Btain< 
ing  matter  is  aggre^ted  into  small  masses  and  into  the  septum 
already  mentioned.  The  apparent  unclear  membrane  is  simply  part  of 
the  protoplasm  at  the  junction  of  the  mmlified  (nuclear)  and  nnmodi- 
fied  (ceil- substance)  part  of  the  protoplasmic  network. 

2,  A  form  cloaely  resembling  the  above,  ercept  in  the  fact  that  the 
DDcleor  Bpongework  is  stained  slightly,  tboagb  not  quite  SO  deeply  as 
Bome  of  the  eitra-nncleAr  protoplasm.  There  are  only  two  small 
deeply-staining  massea,  which  are  not  so  conspicuoas  as  in  the  first 
form. 

We  may  state  the  difference  between  these  two  nuclei  thus  :  in  the 
fint  form  the  chromatin  of  the  nucleus  is  aggregated  into  a  number 
of  email  masses,  while  in  the  second  form  the  chromatin  is  diffused 
throughout  the  nuclear  reticnlam.  The  word  chromatin  being'  used 
to  denote  the  property  which  enables  the  protoplasm  to  take  up  and 
retain  the  staining;  matter.  The  extra-nucleiir  protiiplasraic  threads 
pofteesB  this  property,  and  may  be  said  to  possess  chromatin,  bat  it  is 
in  a  diffused  form,  as  in  the  second  form  of  nnclens. 

3.  In  the  third  form  the  nucleus  is  divided  by  a  nnmber  of  septa, 
radiating  from  its  centre,  into  chambers.  The  chambers  are  partially 
divided  up  into  secondary  chambers  by  prolongations  of  the  septa. 
The  septa  are  continaoas  oxternally  with  the  extra'nnclear  proto- 
plaamic  reticulum.  It  is  impossible  to  speak  of  a  distinct  bonndary 
of  the  nnclenB  in  this  form,  and  the  substance  of  the  nuclear  septA 
and  their  prolongations  is  exactly  similar  in  appearance  and  staining 
properties  to  the  strands  of  the  snrroonding  protoplasmic  network  or 
sponge  work. 

A  number  of  chromatin  masses  occur  in  each  chamber  of  this 
radiate  nucleus — they  appear  to  He  in  the  offshoots  of  the  septa  into 
the  chambers  and  in  delicate  expansions  ot  these,  fiut  it  is  impos- 
sible to  determine  exactly  the  relation  of  these  chromatin  globniee  to 
the  protoplasmic  network  in  the  nucleus. 

This  form  of  nncleas  is  most  interesting,  because  wero  it  not  for 
the  chromatin  masses  the  nucleus  would  be  quite  nndistingnisfaable 
from  the  surroonding  protoplasm,  except,  perhaps,  by  the  fact  that 
the  meBbes  of  the  network  (i.e.,  network  as  seen  in  section)  are  rather 
larger  than  in  the  protoplasm  immediately  aroand  the  nucleus*. 

The  most  important,  and  at  the  same  time  moat  certain,  of  these 
observations  on  the  nucleus  of  the  fertilised  ovum  of  Peripatas,  is  that 
the  intra-nuclear  and  extra-unclear  reticnlam  aro  both  coatinuous 
~'itb  the  go-called  nuclear  membrane. 
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4.  The  last  form  I  have  to  describe  is  the  spindle  form.  It  was  met 
with  in  an  oynm  of  two  segments. 

The  spindle  is  of  enormous  size  (distance  between  the  poles  0*06  mm.). 
The  protoplasmic  fibres  composing  it  are  absolntelj  the  same  in 
iqvpearwnoe  as  the  rest  of  the  cell  protoplasm.  The  chromatin  is 
present  in  a  very  condensed  form  (i,e.,  deeply  staining)  as  a  number 
of  bent  rods  at  the  equator  of  the  spindle.  Around  the  poles  of  the 
spindle  the  protoplasmic  reticulum  is  arranged  in  a  radiate  &sbion. 
The  spindle  appears  not  to  be  composed  of  simple  fibres  running  from 
pole  to  pole,  but  of  the  ordinary  reticulum,  the  meshes  of  which  are 
Ferj  much  elongated  in  a  direction  parallel  to  the  long  axis  of  the 
spindle. 

The  facts  which  are  most  clearly  brought  out  by  the  above  obser- 
Tations,  and  about  which  I  have  no  doubt,  are«— 

1.  The  continuity  of  the  nuclear  reticulum  with  the  extra-nuclear 
reticulum  in  form  3  (and  almost  certainly  in  forms  1  and  2). 

2.  The  similarity  in  structure  and  continuity  betweeu  the  so- 
called  fibres  of  the  spindle  in  form  4  with  the  surrounding  reticulum ; 
and  the  conclusion  I  have  drawn  from  my  observations  is  that  the 
nucleus  of  the  fertilised  ovum  of  Peripatus  differs  from  the  cell  proto- 
plasm only  in  the  manner  in  which  the  so-called  chromatin  contained 
in  the  protoplasmic  meshwork  (both  of  nucleus  and  rest  of  ovum) 
behaves.  In  the  nucleus  it  varies  from  a  state  of  diffusion  through 
the  reticulum  to  a  state  in  which  it  is  condensed  into  the  chromatin 
masses  of  form  1. 

In  the  subsequent  stages  of  segmentation,  the  nucleus  gradually 
becomes  smaller  until  at  the  close  of  segmentation  it  has  an  oval 
form  with  a  long  diameter  of  0*016  mm.  It  now  presents  the  features 
deseribed  by  Flemming  and  other  observers  in  the  nuclei  of  the 
salamander.  I  have  seen  all  through  the  development  of  Peripatus 
after  segpnentation  most  of  the  stsges  figured  from  the  salamander. 

During  segmentation  the  nucleus  generally  has  the  third  form  above 
described :  I  have  never  seen  it  in  a  spherical,  and  only  once  in  a 
spindle  form.  I  conclude  that  these  forms  if  they  occur  are  very 
rapidly  passed  through. 

The  Segmentation, 

I  have  already  described  this  in  a  general  manner  in  my  communi- 
cation of  May  last,  and  with  figures  in  the  **  Quarterly  Journal  of 
Microscopical  Science  "  of  July  last. 

I  then  stated  that  the  endoderm  cells  were  connected  with  each 
other  by  processes  (*' Quart.  Joum.  Micros.  Sci.,''  xxv,  Plate  31, 
fig.  8).     I  have  now  the  following  facts  to  add : — 

1.  The  so-called  endoderm  cells  are  at  first  without  a  distinct 
nucleus,  they  do  not  get  a  nacleus  until  just  before  Wi!b  g|^A\lrQ^3^  ^\!^^« 


2.  All  the  delta  of  the  ovum,  ectodormftl  ae  well  fts  endodermal,  are 
connected  k)g;other  hj  &  fine  protoplasmio  reticnlnm  nbich  is 
placed,  as  are  also  the  cells,  ininiediatcLj  beneath  the  egg  membrane, 
and  therefore  aroQDd  a  central  space. 

Qach  ectoderm  cell  coofluw  of  a,  central  nnclecn  ai-oand  which  ia  a 
close  protoplaamic  spongework,  -which  at  the  outer  parts  of  the  so- 
called  cell  becomes  of  a  gradually  looser  uature  until  it  rnos  into  the 
spongework  of -the  surrounding  cells. 

Each  eiidoderm  mass  consktaof  a.  central  deuFier  sponge  work  which 
gradually  becomes  looser  tonai-ds  the  periphery  of  the  mans  until  it  is 
continued  into  a  fine  reticulam.  The  endoderm  masses  are  far  apart 
from  each  other  and  are  oouoected  by  this  reticulum. 

The  continuity  of  the  Tarions  cells  of  the  segmenting  ovum  is 
primary  and  not  HecondtLry,  i.e.,  in  the  cleavage,  the  segments  do  not 
completely  separate  from  one  another.  But  are  we  justified  in  speak- 
ing of  cells  at  all  in  this  case  ?  The  fully  gegtnented  rmuTn  it  a 
njncylLum,  and  there  are  not  and  have  mot  been  at  any  stage  cell  limits. 
I  think  the  cleavage  should  be  rather  described  not  as  segmentation, 
bat  a  multiplication  of  the  nucleus  or  centre  of  force  which  causes  a 
corresponding  readjustment  in  the  density  of  the  network  at  diSereat 
parte  of  the  ovum,  but  no  break  in  continaity. 

The. Structure  of  the  Oattrula. 

The  formation  of  the  gaetmla,  which  is  at  first  solid,  has  been 
described  in  my  first  commnnicatioa  to  the  Society  on  this  subject. 

The  endoderm  masses  at  first,  ae  I  have  already  mentioned,  have  no 
nnclei.  Naclei  first  appear  in  them  during  the  progress  of  the  epibole 
by  which  the  gaetmla  is  formed.  I  have  not  been  able  to  determine 
the  origin  of  these  nnclei.  They  either  arise  de  novo  in  the  endoderm 
masses  or  migrate  into  the  latter  from  the  ectoderm.  The  proto- 
plasmic network  at  the  centre  of  each  endoderm  mass  is  denser  than 
at  the  periphery,  but  is  without  the  chromatin  grannies,  so  cb&nic- 
tcristic  of  a  nucleus.  Bat  I  have  already  described  a  stage  of  the 
nncleus  in  the  fertilised  nneegmented  ovum  in  which  the  chromatin 
granules  are  almost  entirely  absent,  and  in  which  the  network  pre- 
sents.no  essential  difference  from  the  surrounding  network.  .Again, 
another  in  which  the  nuclear  network  merges  so  gradually  into  the 
Burrounding  network,  that  it  is  impossible  to  point  to  any  limit  be- 
tween them.  I  therefore  think  it  quite  poesibie  that  this  central 
denser  protoplasm  in  the  endoderm  masses  may  give  rise  to  the 
nuclenn  which  subsequently  appears.  But  on  the  other  hand  I  must 
distinctly  state  that  this  is  only  a  possible  view  which  may  be  borne 
in  mind,  bat  which  cannot  be  acoepted  withont  the  most  overwhelm- 
iu/jT  ptwti  in  the  present  state  of  our  science.  ■ 

The  solid  gadtrala  is  a  synoytium-,    the  ectodermal   nnclei   are 
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arranged  round  the  peripherj  of  the  ovam,  while  the  endodermal 
naclei  are  within.  The  latter  are  characterised  by  their  angular 
shape,  and  by  never  presenting  the  karyokinetic  figures  characteristic 
of  the  ectodermal  naclei.  The  protoplasm  of  this  syncytium  is  much 
vacuolated  throughout,  but  the  vacuoles  are  largest  in  the  centre. 
These  central  vacuoles  unite  and  give  rise  to  the  gut  cavity,  which 
opens  to  the  exterior  through  a  point  on  the  surface  where  the 
ectodermal  nuclei  have  always  been  absent.  This  opening  is  the 
blastopore.  The  blastopore,  until  quite  late  in  development,  is 
traversed  by  protoplasmic  strands,  which  anastomose  with  similar 
strands  projecting  from  the  protoplasm  lining  the  large  central 
vacuole  or  gut. 

The  gut  of  Peripatus  arises,  therefore,  as  a  vacuole  in  a  muUi' 
nueleaied  mass  of  protoplasm,  and  the  gastrula  of  Peripatus  is  a  multi- 
nucleated mass  or  syncytium,  with  absolute  continuity  of  the  proto- 
plasm o€  all  parts  of  the  ovum.. 

The  Origin  of  the  Mesoderm. 

After  the  definite  formation  of  the  blastopore,  an*  area  ot  proto* 
plasm,  placed  in  the  ectodermal  layer  of  the  syncytium,  and  charac- 
terised by  possessing  several  nuclei  less  densely  packed  together  than 
elsewhere,  is  distinctly  visible  in  the  middle  line  of  the  ventral  surface 
just  behind  the  blastopore.  I  cannot  be  certain  of  the  exact  number 
of  the  nuclei  belong>tng  to  this-  area  im  the  youngest  embryo  in 
which  I  observed  it,,  as  the  limits  of  the  area  are  difficult  to 
determine  by  inspection  ef  transverse  sections.  However  that  may 
be,  the  area  has  in  transverse  section  very  much  the  appearance  of  the 
pole  cells  of  other  forms,  and  is  the  structure  described  in  my  first 
paper  as  **  some  cells  which  cannot  be  definitely  assigned  to  the 
ectoderm  or  to  the  endoderm,  at  the  hind  end  of  the  blastopore."  Its 
nuclei  undergo  division  and  give  rise  to  the  densely  packed  mass  of 
nuclei  of  the  primitive  streak.*  A  part  of  it  seems  to  persist  for 
some  time  in  the  deeper  parts  of  the  primitive  streak  close  to  the 
endoderm:  I  have  not  yet  succeeded  in  tracing  the  fate  of  this 
portion. 

The  nuclei  of  the  primitive  streak  migrate  forwards  between  the 
ectodermal  and  endodermal  nuclei,,  and  take  up  their  position  in  the 
protoplasm  intervening  between  the  latter. 

These  rows  of  nuclei  are  the  mesodermal  bands.  They  soon  arrange 
themselves  into  groups  around  a  central  vacuole,  and  so  give  rise  to 
the  most  conspicuous  parts  of  the  mesoblastic  somites.  I  leave  the 
ovum  for  the  present  at  the  commencement  of  the  formation  of  the 
Bomites,  merely  stating  that  it  is  still  a  syncytium. 

*  It  ii  poAsible  that  lome  of  the  ectoderm  nuclei  adjoining  thiA  aTes^  Tcvtb^  \ak^ 
part  in  the  productiuo  of  the  primftire  streak  nuclei. 
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The  facts  above  recorded  are  eomewbat  novel.     That,  thej  &re  facta  ' 
80    far  as   Peripaliis    capensis  ia  concerned   1   have  Dot  the  slightest 
doubt.     Whether  or  no  they  are  applicable  to  other  animals  ia  another 
question.     If  they   are,    the  following  consideration s   present  them- 

1.  Klein's  Tiew  of  the  continaity  between  the  reticnlum  of  the  J 
Bucleas  and  the  retictUnm  of  the  eitra-Duolear  protoplasm  receives  ' 
strikiiig  confirmation. 

2.  MetschnikoS's  and  LankestO'r's  views  as  to  the  origin  of  the 
gastrula  and  its  gut  receives  sapport. 

3.  Herbert  Spencer's  view  of  the  origin  of  the  nervons  syatem  may 
perhaps  not  be  so  far  from  the  mark  as  at  fii-at  sight  appeared. 

4.  The  connexion  between  the  nerve  and  mnacleM  and  sensory 
epithelial  cells  receives  its  morphological  explanation,  being  due  to  a 
primitive  continaity  which  has  never  bwD  broken.  In  fact  the  con- 
nexion between  almost  every  kind  of  tisane  cell  ia  explicable  aa 
being  the  primitive  condition. 

5.  There  is  no  essential  difference  between  ducts  with  perforated 
cells  and  ducts  with  so-called  celtalar  walla  (inter-  and  intra-cellutar 
dncts). 

6.  If  the  protoplasm  of  the  body  ia  really  a  syncytinm,  and  the 
ovnm  antil  matnrity  in  the  ovary  a  part  of  that  ayncytiom,  the  separa- 
tion of  the  generative  products  does  not  differ  essentially  from  the 
inteimal  gemination  of  a  protozoon,  and  the  inheritanoe  by  the  oS- 
spring  of  peculiarities  first  appearing  in  the  parent,  though  not 
explained,  ia  rendered  less  mysterious,  for  Ute  protoplasm  of  the 
whole  body  being  continnoaa,  changes  in  the  molecnlar  oonatitation 
of  any  part  of  it  would  naturally  be  expected  to  spread,  in  time, 
throngh  the  whole  mass. 

Shortly,  these  facts  if  generally  applioable  reduce  the  adult  body 
to  a  syncytiam — to  «  mnlti-nacleated  raonolated  protoplasmic  maas, 
and  embryonic  development  to  a  multi plication  of  nuclei  and  a 
apecialixation  of  tracts  in  this  maas. 


II.  "  On  the  Formation  of  the  Mesoblast,  and  the  Persistence 
of  the  Blaetopore  in  the  Lamprey."  By  ArthOR  E. 
Sbiplet,  B.A.  Communicated  by  Professor  M.  FOSTER, 
Sec.  R.S.    Received  October  29,  1885. 

At  the  close  of  segmentation  the  egg  of  the  Lamprey  {Petromyton 

pLiTieri)  forms  a  blastosphere.     Owing  ta  the  way  in  which  the  yolk 

is  distributed,  the  segmentation  cavity  is  rather  eccentrically  placed. 

It  is  roofed  in  by  several  rows  of  small  oella,  while  its  floor  is  com. 

"^       '  of  »  few  reij  itago  cells  much  crowded  with  food  yolk.    The 
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amall  cells  pass  graduall  j  into  the  larger  ones  at  the  sides  of  the  seg- 
loeBtation  oavitj.  All  the  cells  of  the  blastosphere  are  crowded  with 
jolk  spherales,  which  are,  however,  very  much  smaller  in  the  upper 
sells,  where  active  division  is  going  on,  than  in  the  more  inert  lower 
sells.  The  latter  may  be  conveniently  termed  the  jolk  cells.  The 
s^pnentattoQ  cavity  is  considerably  larger  than  that  of  the  frog's 
Oram  at  a  similar  period.  The  mext  stage  in  the  development  of  the 
ovum  is  accompanied  hf  the  thinning  ont  of  the  upper  layer  of  cells, 
until  the  roof  of  the  segmentation  cavity  finally  consists  of  a  single 
layer  of  cells.  On  this  point  my  observations  confirm  those  of  Calberla, 
and  are  opposed  to  those  of  Max  Schultze,  who  found  a  many-layered 
roof  covering  ihe  seg^euifcation  cavity  just  before  invagination.  The 
layer  is  composed  of  epiblastio  cells,  and  in  this  respect  resembles  the 
many-layered  roof  of  the  segmentation  cavity  in  the  frog's  ovum  of 
the  same  stage.  The  lower  cells  of  the  many-layered  roof  seem  to  pass 
round  to  the  sides  and  floor  of  the  segmentation  eavity,  so  that  about 
the  fiftieth  hour  after  fertilisation  the  upper  half  of  the  e^g  consists 
of  a  hemispherical  segmentation  cavity,  roofed  in  by  a  single  layer  of 
oells,  the  lower  half  being  solid  and  composed  of  yolk  cells.  Viewed 
as  an  opaque  object,  the  upper  half  is  of  a  whiter  colour  than  the 
lower. 

The  invagination  to  form  the  mesenteron  takes  place  in  the  region 
where  the  single  layer  of  epiblasi  cells  passes  into  the  yolk  cells.  In  my 
eggs  the  first  (trace  of  this  invagination  appeared  about  130  hours  after 
artificial  fertilisation.  The  mouth  of  the  invagination  or  blastopore 
is  at  first  a  wide  arched  slit,  which  subsequently  narrows  to  a  round 
hole.  From  the  first  sign  of  invagination,  a  «avity,  the  mesenteron,  is 
present ;  in  this  the  Lamprey  resembles  Amphioxus,  but  difEers  from 
the  Frog,  where  the  mesenteron  is  formed  as  a  slit  some  time  after  the 
invagination  has  begun.  It  differs  from  AmpMoxus,  however,  in  the 
fact  that  the  invagination  is  not  symmetrical,  being  like  the  segmen- 
tation cavity,  pushed  dorsally  by  the  accumulation  of  yolk  oells  at  the 
lower  pole.  The  upper  layer  ot  invaginated  oells  retain  the  character 
of  the  epiblast  cells,  the  lower  are  larger,  and  have  the  characters  of 
the  yolk  cells.  The  former  lie  close  against  the  inner  surface  of  the 
epiblast  cells  in  the  dorsal  median  line.,  here  again  differing  from  the 
Frog,  ^  here  a  mass  of  cejls,  which  subsequently  form  mesoderm,  lies 
dorsally  to  the  invaginated  cells  and  between  them  and  epidermis. 
There  is  thus  no  mesoblast  present  at  the  dorsal  rim  of  the  blasto- 
pore, such  as  is  found  in  frog's  Qgg,  During  these  processes  the 
epiblastio  cells  have  gradually  enclosed  the  yolk  oells ;  this  appears  to 
take  place  by  the  conversion  of  the  outer  yolk  oells  into  epiblast 
oells,  and  takes  place  latest  in  the  region  of  the  blastopore.  The 
mesenteron  continues  to  deepen,  and  as  it  increases  in  size  the  seg- 
mentation cavity  diminishes,  and  is  finally  oblitdt^ted.    T\i<^  x^^l  ^^^ 
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sides  of  the  mesenteron  cooeist  of  colDmnar  cells,  in  appearance  rerj 
like  the  epiblasb,  agFviiisfc  the  innei'  surface  of  which  it  is  cloael; 
preased.  Tho  floor  is  componed  of  ceUs,  wh-ich  retain  their  yolk-like 
characteristics  for  a  considerable  tinae.  The  raeaoblast  now  beginu  to 
appear  by  the  differeritiation  of  two  bands  of  those  yolk  cells  whici 
lie  in  the  angles  formed  by  the  inyaginat-ed  meaenteron  and  tha 
epibla^t.  The  difTerentiation  appears  to  take  place  from  before  bacli- 
irards.  The  two  bands  of  raeeoblaat  are  sopartited  from  one  another 
in  the  dorsal  median  line  by  the  JDxtaposition  of  tho  invaginated  hypo- 
blast and  the  epiblost.  They  are  separated  ventrally  by  the  hypo- 
blastic  yolk  calls  which  are  in  contact  with  the  epiblant  over  the 
lower  two-thirds  of  the  egg.  Subseqnently,  bnt  at  a,  very  mnch 
later  stage,  the  mesohlaet  ia  completed  ventrally  by  the  downgrowth 
on  each  aide  oF  the  nieaoblastic  plates.  These  proliferate  colls  at  their 
edge,  which  grow  down  between  the  hypoblaatic  yolk  celts,  and  bo 
complete  the  mcsoblast  ventrally.  The  first  formation  of  the  tongi- 
tadinal  band  appears  to  take  place  by  a  differentiation  of  hypoblastic 
cells  in  aiiu,  and  not  by  an  invngiuation  of  cells. 

This  account,  of  tlic  origin  of  tho  mpHoblnat  differs  materiaJly  from 
that  given  by  Scott.  According  to  his- obaerrations,  the  meaoblaet  18 
derived  from  two  sources:  (1)  cells  which  are  in  vagi  nat«d  with  the 
mesenteFon,  theae  form  the  longitudinal  bands ;  (2)  the  outer  layer 
of  hypobketic  yolk  cells,  which  split  off  the  remainder,  and  form  the 
ventral  sheet  which  completes  the  mesohlast  on  that  side  of  the  body. 
Since  by  thig  time  the  head  ot  the  embryo  hae  raised  itself  above  the 
yolk,  there  are  no  hypoblaatio  yolk  cells  in  it,  and  conaeqnently  its 
mesoderm  is  entirely  derived  from  the  first  source,  whereas  in  the 
tmnk  the  dorsal  mesoderm  is  derived  from  the  first  source,  the  ventral 
from  the  second. 

By  the  time  that  the  mesoblastic  plates  become  separated  from  the 
yolk  cells,  the  neoral  plate  becomes  evident  in  the  esterior.  This 
extends  from  the  blastopore  as  a  low  ridge,  over  two-thirds  of  the 
circumference  ot  the  egg.  Its  appearance  is  soon  followed  by  the 
separation  of  the  anterior  end  from  the  rest  of  the  yolk. 

The  invaginated  endoderm  has  extended  ronnd  for  more  than  half 
the  circumference  of  the  e^,  and  its  most  anterior  portion  is  inclnded 
in  the  head,  which  is  by  this  time  distinct  from  the  rest  of  the 
embryo. 

All  this  time  the  blastopore  has  been  visible  at  the  posterior  end  of 
the  neural  plate.  It  has  been  fignred  in  this  position  by  Schnltze, 
who  gives  a  very  complete  set  of  fignres  of  the  embryo  viewed  as  a 
whole.  The  elongation  of  the  embryo  now  proceeds  so  rapidly  that 
the  anterior  end  cnrves  ronnd  over  the  blastopore ;  the  posterior  end 
is  mnch  the  largest,  containing  all  the  food  yolk. 
Scbaltzs,  from  observations  apon  the  whole  embryo,  came  to  tlia 
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conclusion  that  blastopore  persisted  as  the  anus,  and  this  view  was 
supported  by  Calberla.  On  the  other  hand  the  later  observers,  who 
have  studied  the  development  by  means  of  sections,  have  maintained 
Benecke's  view  tliat  the  blastopore  closes.  Scott  describes  the  neural 
oanal  as  enclosing  the  blastopore,  and  by  its  closure  forming  a 
nenrenteric  canal,  which  he  figures.  He  states  that  the  anus  is  sub- 
sequently formed  by  a  protrasiou  of  the  alimentary  canal  against  the 
skin,  which  becomes  open  about  the  twentieth  day.  Balfour  states 
that  the  blastopore  closes,  and  does  not  form  the  permanent 
anus. 

My  observations  on  the  embryo  as  an  opaque  object  led  me  to  the 
belief  that  the  blastopore  remained  open,  and  in  this  I  have  been 
confirmed  by  a  number  of  series  of  sections  taken  from  embryos  of  all 
stages,  from  the*  oommencement  of  the  invagination  until  the  time 
when  the  cloaca  is  definitely  established.  At  its  first  appearance  the 
blastopore  is  situated  at  the  posterior  dorsal  surface  of  the  embryo, 
but  by  the  elongation  of  the  embryo  and  the  formation  of  the  tail  the 
blastopore  comes  to  occupy  a  position  on  the  ventral  surface. 

Scott  was  of  opinion  that  the  lumen  of  the  invaginated  mesenteron 
persisted  only  in  the  fore-gut.  This  part  o£  the  alimentary  canal 
shortly  after  the  invagination  is  completed  is  raised  with  the  head 
from  the  rest  of  the  embryo.  This  part  is  therefore  free  from  the 
large  yolk  cells,  and  the  cells  lining  the  mesenteron  soon  assume  a 
definite  columnar  character,  although  they  continue  to  contain  yolk 
g^ranules  for  a  considerable  time.  According  to  Scott  and  Calberla  the 
lumen  of  the  mesenteron  in  the  trunk  entirely  disappears,  and  only 
appears  again  at  a  much  later  stage.  My  sections,  however,  show 
that  the  lumen  never  really  disappears.  At  its  anterior  end,  as  is  just 
mentioned,  its  lining  cells  soon  become  columnarj  and  these  extend 
from  its  blind  anterior- end  to  the  posterior  part  of  what  will  subse- 
quently form  the  gill  regicm.  A  similar  change  takes  place  at 
the  posterior  end.  The  cells  surrounding  the  blastopore,  and  extend- 
ing for  some  distance  into  the  alimentary  canal,  very  early  assume  a 
columnar  character,  and  are  in  fact  indistinguishable  from  the  epider- 
mal cells.  The  cells  lining  the  mid-g^t  do  not  assume  this  epithelial-like 
character  till  a  much  later  stage.  The  dorsal  row  are,  however,  more 
columnar  than  those  on  the  ventral  side ;  these  latter  have  just  the 
same  characters  as  the  other  yolk  cells. 

At  its  posterior  end  the  neural  tube  becomes  solid,  and  this  solid 
rod  soon  fuses  with  the  posterior  end  of  the  notochord,  and  with  a 
solid  rod  of  cells  which  pass  backwards  from  the  hind-gut,  and  pro- 
bably represent  the  post-anal  gut.  A  little  further  back  the  meso- 
blastic  plates  join  this  mass  of  indifferent  tissue  ;  so  that  we  have  behind 
the  anus,  in  a  position  corresponding  to  the  front  lip  of  the  blastopore, 
whan  it  oooupied  its  primitive  position  on  the  po^\/eT\OT  ^ot^  ^\n\^K^^ 
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a  masa  of  indlFFerent  tissue,  into  wkich  piMS  repi-eBentatirea  of  all 
three  ^rminal  laynrs.      Thin  mugt  i-epreseiit  the  primitire  streak. 

The  peraiRtence  of  tlie  blastopore  to  form  the  anus  has  been  demoD- 
Rtrated  in  the  Amphibia,  by  Mise  Jobnson.  in  the  Newt,  by  Gosser  in 
Alytes,  and  by  Spencer  in  the  Frog.  Tlie  fact  that  it  peraistg  in  the 
Cyclostomatft  appears  to  point  to  the  faot  th&t  this  is  a  primitive 
featnre  retained  in  thoae  eg^  which  have  not  become  mnch.  modified 
by  the  preaeDce  of  a  lai^e  mass  of  yolk.  This  vit^w  would  be  greatly 
confirmed  if  renewed  observation  on  the  development  of  AmphJoxui 
should  demonstrate  the  xnrae  fact. 


III.  "  ReGearches  on  Myohasiuatin  and  the  Hjetohseraatine."  By 
C.  A.  M.\cMuNK,  M./\^,  M.D.  Conimuiiicated  by  Professor 
M.  FosTEH,  Sec.  B.S.     Keceived  October  19,  1M5. 

'  (Abstract) 

This  pKpor  contains  kd.  aecoant  of  obBervii>tiona  made  on  the  spectra 
of  the  organs  and  tiB&aee  of  invertebrates  and  vertebrates,  which 
Iiave  brought  to  light  the  presence  o£  a  series  of  animal  oolonring 
matters  which  had  not  pnevloosl;  been  diaoevered. 

The  name  hiBtohnmatLua  is  proposed  for  all  these  colonring  matterfi, 
and  that  of  myohseiaatiu  for  the  intrinsic  pigment  oocarring  in 
striped  mnscle,  which  belongs  to  the  same  series. 

These  pigments  are  not  identical  with  any  known  decomposition 
product  of  hfemoglobia,  and  they  are  foand  In  animals  in  whose 
bodies  no  bnmoglobin  ean  be  found. 

The  method  of  examination  is  oa  follows :— The  tissue  or  part  of 
oigan  to  be  examined  is  pat  into  aioompressorinm,  by  means  of  which 
any  required  thickness  cam  be  obtained,  it  is  illnminated  by  means  of 
a  large  sab-stage  condenser,  and  examined  with  a  Sorhy's  microspec- 
troscope  fitted  to  a  binocular  microscope,  the  binocular  form  being 
preferred,  aa  one  tnbo  is  free  for  the  observation  of  the  specimen. 
The  source  of  illumination  was  generally  an  argand  gas  burner,  some- 
times direct  sunlight,  sometimes  a  Swan  lamp.  The  objectives  of  the 
microscope  up  to  the  one-eighth  were  so  adapted  as  to  enable  both 
fields  of  the  microscope  to  be  fully  illuminated,  which  is  a  matter  of 
importance  in  dealing  with  small  quantities  of  material,  or  in  differ- 
entiating those  portions  of  an  object  which  give  different  spectra. 

Tka  Miilohtrmalira. — Examined  iq  this  way  the  organs  and  tissnes 
of  invertebrates  and  vert«brates  present  a  series  of  spectra,  which  are 
all  evidently  connected  with  each  other.  From  Echinoderme  to  man 
ibe  same  appeAnocea  have  been  iound ;  thoa  there  is  a  most  striking 
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likeness  between  the  spectra  of  such  organs  as  the  ovaries  of  a  st«r« 
fish  and  the  pancreas,  stomach-wall,  kidney,  and  other  organs  of  a 
oals  And  between  these  and  that  of  striped  mnscle  throughout  the 
whole  animal  kingdom. 

To  giye  an  idea  of  the  character  of  these  spectra  and  their  distri- 
bution is  not  easy  in  an  abstract,  but  in  general  thej  may  be  said  to 
OOnsiat  of  at  least  three  bands — one  before  D,  one  or  two  between  D 
and  E,  and  sometimes  one  or  two  others  nearer  yiolet.  When  one 
band  occurs  between  D  and  £!  it  replaces  the  two  found  in  other  cases, 
which  are  of  great  narrowness  compared  with  other  physiological 
spectra.  The  band  before  D  is  always  the  same  both  in  the  histo- 
haomatius,  and  in  myohssmatin  with  few  exceptions.  Sometimes  this 
kind  of  spectrum  is  replaced  by  another  in  which  two  narrow  bands 
like  those  of  reduced  hssmatin  occur  nearer  the  violet  than  the  bands 
of  the  latter.  It  was  proved  repeatedly  that  the  banded  spectrum 
belongs  to  the  deoxidised  condition,  and  the  bandless  to  the  fully 
oxidised ;  accordingly  these  pigments  are  respiratory. 

Among  animals  in  which  I  have  found  these  spectra  a  few  may  be 
enumerated  with  the  organs  in  which  they  occur.  Thus  in  Echino- 
derms  the  ovaries ^  stomach-wally  and  other  parte  of  Uraster  rubene  show 
them  well  marked. 

In  molluscs,  Limax  flavus,  L.  variegatus,  Arion  ater^  Helix  aspersa^ 
JET.  paniaiiay  and  other  slugs  and  snails  contain  them  in  such  parts 
as  the  nephridium,  albumen  gland^  ova-teatia,  ree^taoulum  aeminis,  foot, 
wall  of  cropt  oviduct^  penis  and  elsewhere,  and  all  contain  myoha^matin 
in  the  muscle  of  the  heart  in  both  auricle  and  ventricle,  also  in  the 
pharyngeal  muscle.  In  these  species,  as  Dr.  Sorby  first  showed,  the 
bile  contains  a  kind  of  hematin,  which  is  evidently  connected  with 
the  histohsBmatins  for  reasons  given  in  the  complete  paper.  In 
other  molluscs  such  as  Littorina  lUioreay  Purpura  lapillus,  Trochus 
oinerartus  and  zixiphinus^  Faiella  vulgata,  Limnceus  sta^nalis,  MyUlus 
edMiy  Osiraea  edulis,  Anodonta  cygnea^  and  others,  they  have  been 
observed  by  the  above  method  of  examination. 

In  Arthropods,  such  as  Homarus  vulgaris,  Astacus  fluviatilis,  Cancer 
pagurus,  Oarcinus  moenas^  and  Pagurus  Bemhardus,  they  have  also 
been  found,  in  such  situations  as  the  green  glands  (of  the  two  first),  the 
$iomach-walLy  liver,  exceptionally  in  the  branchios,  and  elsewhere. 
They  are  also  present  in  insects  and  in  spiders. 

In  all  these  invertebrates  (and  others)  they  can  be  studied  unin« 
fluenced  by  the  presence  of  hemoglobin.  Wherever  they  are  seen  the 
correeponding  tissue  or  organ  is  more  or  less  yellow  or  reddish-yellow, 
but  sometimes  almost  colourless. 

On  examining  vertebrates  I  was  surprised  to  find  the  same  spectra 
in  such  situations  as  the  Uver,  spleen,  kidney,  stomach-wall,  pancreas, 
wall  of  intestinef  and  sometimes  in  the  ovari).     im^L^>^  7<%i^\ii%  ^^>^ 
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the  blood-veesela  with  salt  solatioa,  I  fonnd  the  bands  became  mncb 
better  marked. 

Tiios ; — In  fishes  they  have  been  obserred  in  the  tench,  herring, 
niach,  eel,  and  others. 

Iq  reptilea,  in  Tropidotiofut  nafrix,  Btueanium  conslrielor.  Seinetu 
officinalie,  Trionyr,  Emyt  Europieii,  Lacerla  viridii,  and  Lacerta  aglUt. 

In  Ampbibia.ns,  in  Rana  temporaria,  Hi/la  arborea,  Bufo  vulgaritf 
Salamandra  maculosa,  Siredon  pieciformis,  and  others. 

In  hirdt,  e.g.,  pigeon,  owl,  turkey,  goose,  duck,  ewift,  &c.  The  gitxard 
of  birds  is,  however,  mainly  coloared  by  ozyhffimoglobin. 

In  Mammah,  e.g.,  dog,  eat,  rat,  rai/bit,  guinea-pig,  liedgekog,  iheep,  ox, 
pig,  mouse,  and  man,  &a  well  as  in  otherE. 

In  all  cases  oxidation  and  redoction  could  be  brought  about.  When 
the  bands  are  invisible  they  can  be  brought  into  view  by  dipping  the 
portion  of  organ  or  tissue  into  Stokea'fr  fluid,  or  into  a  weak  solution 
o(  ammonium  snlphide  in  water ;  on  exposure  to  the  air  they  become 

Myohn-.mafin. — All  the  species  enumerated  and  others  have  been 
examined  for  my dicunaf  171,  and  in  all  those  which  possess  striped 
muacle  it  has  been  found. 

Thus  in  mollnnca,  itis  found  in  the  heart  and  phaiyngeal  muscle  of 
Iiimaz,  Arion,  Helix,  and  other  pnlmonatesv 

In  Arthropods,  in  the  cardiac  muscle  of  Sonarus,  Attaeut,  Cancer, 
Carcinut,  and  Pagunu,  and  not  in  their  voluntary  muscleB  (so  far)  ; 
also  in  the  muscle  of  the  cephalo-thorax  of  such  spidere  aa  Epeira 
difidema,  Tegenaria  civili»  (and  othei^). 

In  in#ee(*  it  is  abundantly  present,  especially  in  the  musclea  from  the 
thorax.  It  is  best  marked  in  those  which  move  the  wings  actively, 
such  as  dinrnal  and  nocturnal  lepidopters.  So  far  it  has  been  found 
in  the  following  insects : — ifusca  vomitoria,  domestica,  and  ehlora. 
Apis  mellijiea,  Bombas  terreitris,  Veepa  vnlgarU,  Bydrophilut,  Jh/licut 
marginaiig,  Oeotrupet  atercorarius,  Lucattus  cervus,  OocoineUa,  Staphy- 
linus  olens,  Ceraiitbyx  moschalus,  Greophilui  moJiillosus,  Garabui  violacetti, 
Feriplaneta  orientaii»,  Orylivt  domettieui,  Acrida  viridisiima,  Tipula 
oleraeea,  Fieri*  rapae,  and  vartous  other  lepidopters  and  dipters.  It 
has  also  been  found  in  the  mouth  parts  of  larvae. 

Among  vertebrates  it  has  been  fonnd  in  the  heart  and  voluntary 
muscle  of  all  the  fishes,  reptiles,  amphibians,  birds,  and  mammals 
enumerated  above.  It  is  frequently  accompanied  by  hnmoglobin  in 
these  claxses,  and  sometimes  replaced  by  it.  It  may  be  apparently 
absent,  but  its  bands  may  be  brought  into  view  by  the  use  of  reducing 
agents. 

The  spectrum  of  myohiematin  is  remarkable  for  the  sharpness  and 
nsrrownesB  of  ita  bands,  in  which  point  it  and  the  other  histohiematina 
di/Br  from   any   other  known  &nim&l  ipigment.       Three  bands  are 
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alwajs  present,  one  between  C  and  D,  close  to  D,  which  corresponds 
to  the  first  band  of  the  histohsdmatin  spectrum,  two  very  narrow  and 
sharp,  of  which  the  second  is  darker  than  the  firnt  between  D  and 
E ;  besides  these  there  are  one  or  two  nearer  violet,  one  covering 
£  and  5,  the  other  before  F,  which  are  not  alwajs  present.  The  2nd 
and  3rd  bands  correspond  closely  to  similar  bands  in  the  histo- 
bsematin  spectrum,  in  which  they  may  appear  joined  to  form  one 
broad  band. 

The  colour  of  the  pigment  giving  this  spectrum  is  yellow  or 
reddish-yellow,  but  even  in  very  pale  muscles  the  bands  can  some- 
times be  seen,  especially  after  the  use  of  a  reducing  agent. 

Various  attempts  have  been  'made  to  isolate  myohcematin,  but 
owing  to  the  coloured  constituent  being  joined  to  a  proteid,  it  will 
not  go  into  any  of  the  usual  solvents.  It  has  been  proved  by  pressing 
out  the  plasma  from  frozen  muscle  that  some  of  the  myohesmatin 
belongs  to  the  plasma,  but  even  after  this  treatment,  its  bands  are 
seen  better  marked  in  the  muscle  than  before.  It  has  also  been  got 
from  blood-free  muscle  by  digesting  in  pepsin  solution,  which,  how- 
ever, alters  the  pigment,  as  it  no  longer  gives  the  original  spectrum, 
but  another  which  is  remarkable,  as  it  is  imitated  closely  by  a  spec- 
trum sometimes  seen  in  insect  muscle  without  any  treatment. 
Obtained  by  this  method,  the  pigment  is  of  a  yellow  colour,  and  is 
only  soluble  in  water. 

From  the  changes  which  the  histohiematins  and  myohsdmatin 
undergo  with  oxidising  and  reducing  agents,  and  for  reasons  given  in 
detail  in  the  paper,  I  have  come  to  the  conclusion  that  these  pigments 
are  concerned  in  the  internal  respiration  of  the  tissues  and  organs  in 
which  they  are  found. 

Spectrum  of  the  Adrenals, — Another  point  of  interest  brought  to 
light  by  these  observations  is  the  occurrence  of  haemochromogen  in 
the  medulla  of  the  supra-renal  glands  of  mammals;  thus  in  this 
situation  in  man,  dog,  oat,  ox,  sheep,  pig,  guinea-pig,  rabbit,  and  rat, 
I  have  found  hsBmochromogen,  the  bands  of  which  are  very  dark; 
and  it  would  appear  thdt  this  heBmochromogen  is  partially  removed 
by  washing  out  the  blood-vessels  with  salt  solution.  Hence,  and 
owing  to  the  fact  that  elsewhere  it  is  excretory,  as  in  the  bile,  the 
hfemochromogen  of  the  adrenals  appears  to  be  excretory;  if  so  a 
downward  metamorphosis  of  haemoglobin,  and  probably  (for  reasons 
given  in  the  paper)  of  the  histohsBmatins,  is  one  of  their  functions. 
Hence  if  by  disease,  or  by  artificial  removal,  this  metabolism  ia 
prevented,  the  incompletely  metabolised  pigments  circulate  in  the 
blood,  and  staining  of  skin  and  mucous  membrane,  as  in  Addison*s 
disease,  may  take  place.  In  the  urine  of  Addison's  disease  such  an 
imperfect  metabolite  occurs  as  I  have  already  shown.* 

•  "  Journal  of  Physiology,**  voV.  v\,  ^.  ^1 . 
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To  giye  an  idea,  ot  the  connexion  which  BxiBte  between  the  hiato* 

Twematins  and  myohtemivtin,  I  have  bero  added  a  few  ivave-Iengt>fa 
meaaureinents.  These  are  given  in  ^eater  detail  in  the  ooiiiplet« 
paper,  and  the  spectra  have  been  mapped  to  the  nnmber  of  70  in  the 
accompanying  charts. 

No.  1.  A  histohtentatin  apectrnm  from  the  ovaries  of  a  star-fish 
(Uraster  mien*)  .- — 

let  Band X61.3— 593 

2nd     „    \569— 560 

3rd     „    X556— 548-5 

No.  2.  A  hi stohffi matin  spectnim  from  the  stomach-wall  of  a 
eat: — 

]<itBand X613— 693 

2nd     , X569— 563 

3rd     „    )i556— 551 

No.  3,  A  similar  apoetruin  fi-om  the  pancreas  of  a  cat : — 

1st  Bfind XBI3— 596-5 

2Bd     „    \569-563 

3rd     „    X556— 548-5 

No.  4.  A  myohematin  apectrnm  from  Hydrophilus : — 

let  Band X613— 593 

Snd    „    X569— 563 

3rd     „    X557— 548-5 

No.  5.  A  myohtBmatin  apectrnm  from  the  heaii  of  the  lobster 
{HmMTtiS  mtlgarit)  :  — 

1st  Band X61S— 593 

2nd    „    X569— 563 

3rd X556— 550 

No.  6.  A  myoluBmatiti  spectmra  from  tbe  heart  of  a  cat  :— 

lat  Band X613— 596'5 

2iid    „    X569— 563 

3rd     X556— 550 

It  ma;  be  added  that  it  is  very  difficult  to  raeasnre  theae  bands, 
and  allowing  for  this  fact  the  agreement  is  veiy  close,  especiallj 
as  all  the  meaanrements  were  made  independently  of  each  other.  It 
is  also  necessary  to  add  that  the  above  are  what  maybe  called  typical 
histohematin  spectra,  as  in  some  cases  Bands  2  and  3  are  joined  to 
each  other  to  form  one  band. 
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IV.  "On  the  Geometrical  Construction  of  the  Cell  of  the 
Honey  Bee."  B7  Henry  Hennessy,  F.R.S.,  Professor  of 
Applied  Mathematics  in  the  Royal  College  of  Science, 
Dublin.    Received  October  20,  1885. 

The  well-known  problem  of  the  bee's  cell  occnpied  the  attention  of 
eminent  mathematicians  early  in  the  last  centnry,  and  it  is  still  pre- 
sented as  an  interesting  example  of  geometrical  maxima  and  minima. 
In  1743  Maclaurin  communicated  to  the  Royal  Society  a  solution  of 
the  question,  which  appears  in  the  **  Philosophical  Transactions,"*  and 
it  seems  that  the  comparison  between  the  mathematical  results  and 
the  actual  cells  was  effected  by  angular  measurements.  Long  since 
a  simple  method  occnrred  to  me  for  the  construction  of  the  figure 
without  employing  angles,  and  as  I  have  not  been  able  to  find  it  in 
any  publication,  I  venture  to  submit  it  in  this  short  paper. 

A  structure  has  a  regular  hexagon  for  its  orthogonal  cross  section, 
and  is  terminated  by  three  lozenges  which  meet  in  a  trihedral  angle ; 
required  the  relation  between  the  side  of  one  of  these  lozenges  and  the 
side  of  the  regular  hexagon  forming  the  cross  section  of  the  prism  so 
as  to  give  the  smallest  surface  to  the  structure.  The  long  diagonal 
of  one  of  these  lozenges  is  equal  to  the  side  of  the  equilateral  triangle 
inscribed  in  the  hexagon ;  if  we  call  this  E  and  the  short  diagonal  e, 
then- 
Ess  y/Sh  and  e=  AH4aj«, 

where  h  is  the  side  of  the  hexagon,  and  m  the  difference  between  the 
parallel  sides  of  one  of  the  six  faces  of  the  prism.    The  area  of  a 

lozenge  is  therefore ^ ,  and  that  of  the  face  of  prism 

2 

For  «,  the  total  surface  of  the  structure,  we  have 

3A, 


u= 


and  hence 


^  [ v^3(^4tf8)  +2(22-*)], 

h 


This,  equated  to  zero,  gives  aj=— =. 

A  side,  «,  of  the  lozenge  is  manifestly  ^h^^x^^  hence 
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A  side  of  tho  lozenge  is  thus  equal  to  three  times  the  difference 
between  the  two  parallel  edges  of  the  trapezium.  If  a  line  equal  to 
the  Bide  of  the  hexagon  be  bisected  bj  an  eqoal  line  at  right  angles, 
and  the  exti«mities  of  both  joined,  half  the  resulting  line  nill  be 
equal  to  X,  so  that  the  tide  of  one  of  the  lotengeM  i>  three  fime«  the  half 
side  of  a  square  u-hose  diagonal  equals  the  side  of  the  hexagon.  It  ia 
moreover  manifest  that 

^        gv^3*'    _V     h^    Y  ^ 

which  ia  positive  for  ii:=ry=,and  therefore  the  surface  u  is  the  least 
possible.  As  the  angle  at  top  of  the  trapezium  has  for  its  tangent 
-=2v'2,  this  angle  is  JO"  31'  44",  the  supplement  of  109°  28'  16"  for 
the  obtuse  angle  of  the  lozenge,  fonnd  by  Maclaario. 

It  is  manifest  that  E:=hv3  and  e^  viE,  or  the  ^nger  diagonal,  is 
equal  to  the  diagonal  of  a  sqaare  whose  side  is  the  shorter  diagonal 
of  the  lozenge.  Alan  the  ucute  angle  of  the  lozenge  ia  equul  to  the 
acute  angle  of  the  trapezium,  for  the  tangent  of   half  the  former 

From  these  results  a  model  of  the  bee's  cell  can  be  easily  con- 
structed, with  the  aid  of  a  pair  of  compasses,  as  follows  : — 

1.  Inscribe  an  eqoilatetal  triangle  in  a  hexagon ;  a  side  of  tjiis 
triangle  is  the  long  dingon&l  of  the  lozenge;  bisect  thin,  and  the 
diagonal  of  a  square  erected  on  the  half  is  the  shorter  diagonal  of  tho 
lozenge. 

2.  Draw  six  parallel  lines  at  distances  equal  to  the  side  of  the 
hexagon,  and  a  straight  line  perpendicular  to  them  from  the  second 
of  the  parallel  lines;  indnct  a  straight  line  equal  to  a  side  of  the 
lozenge  above  constrncted,  and  repeat  this  process  until  six  tra- 
peziums are  6nished. 

3.  On  folding  these  trapeziums  a  hexagonal  prism  is  formed  into 
which  three  lozenges  equal  to  that  constructed  will  accurately  fit,  and 
the  entire  stracture  will  be  completed.  Models  in  cardlxrard  have 
been  easily  made  in  this  way,  and  I  bad   one  afterwards  made  ia 


■niS 
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V.  **  Results  deduced  from  the  Measures  of  Terrestrial  Mag- 
netic Force  in  the  Horizontal  Plane,  at  the  Royal 
Observatory,  Greenwich,  from  1841  to  1876."  By  Sir  G.  B. 
Amr,  K.C.B.,  F.R.S.,  late  Astronomer  Royal  Received 
June  24»  1885. 

(Abstract.) 

In  offering  to  the  Royal  Society  some  results  deduced  from  the 
systems  of  magnetic  observation  and  magnetic  self-registration 
established  several  years  since  at  the  Royal  Observatory,  Greenwich, 
during  a  portion  of  the  time  in  which  I  presided  over  that  institution, 
I  think  it  desirable  to  premise  a  short  statement  on  the  origin  of  the 
Magnetic  Department  of  the  Royal  Observatx}ry,  and  on  the  successive 
steps  in  its  constitution. 

It  appears  to  have  been  recognised  many  years  ago,  that  magnetic 
determinations  wobld  form  a  proper  part  of  the  business  of  the  Royal 
Observatory.  When  I  coRimenced  residence  at  the  Royal  Observatory, 
at  the  end  of  1835,  I  found  in  the  garden  a  small  wooden  building, 
evidently  intended  for  the  examination  of  compasses,  perhaps  of  the 
size  of  those  used  in  the  Royal  Navy.  But  the  locality  was  incon- 
venient, and  the  structure  was  totally  unfit  for  any  delicate  magnetic 
purpose;  for  instance,  the  balance- weights  of  the  sliding  windows 
-were  of  iron.  For  some  preliminary  experiments  a  small  observatory 
wAs  borrowed  from  Captain  Fitzroy,  but  no  real  progress  was  made 
in  magnetism. 

In  the  beginning  of  1836,  a  scheme  for  the  erection  of  a  Magnetical 
Observatory  was  brought  before  the  Board  of  Visitors.  The  Board 
approved  the  plan,  and  recommended  it  favourably  to  the  Admiralty. 
The  Government  Department  superintending  the  Park  gave  their 
consent  to  an  extension  of  the  grounds  of  the  Observatory,  and  the 
ground  was  inclosed  in  1837.  The  Magnetic  Observatory  was  built, 
from  my  plans,  in  the  spring  of  1838.  Since  that  time,  no  alteration 
has  been  made  in  the  building,  except  in  1864,  when  the  ground 
below  the  east,  west,  and  south  arms,  was  excavated,  in  order  to 
obtain  positions  for  the  three  fundamental  instruments  in  which  the 
severity  of  the  temperature-changes  would  be  much  diminished. 
Small  accidental  interruptions  of  observations  occurred  in  1847, 
January,  and  1861,  July. 

The  interest  taken  in  the  subject  of  terrestrial  magnetism  in  the 
first  half  of  this  century  was  occasioned  principally  by  the  enterprise 
of  Ghiuss  and  other  German  philosophers.  Magnets  were,  therefore, 
established  at  the  Royal  Observatory,  furnished  with  apparatus  adsj^iAd 
to  eye  observatioizs  corresponding  to   those  o£    Qr^xx^^^  ^»ii^  ^^\&.^ 
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observations  were  made  in  concert  willi  the  Germans,     The  obaei'v: 
tions  to  the  end  of  184?   with  these  instrnmenls  were  made  entirely 
by  eje;  the  instrnments  (magnets  2  feet  in  length)  being  forniBhed 
with    siuiill    plujie    reflectors,    t-o    which    telescopes   were    directed,    ( 
and    by    which     fiied    marks    were     observed.      The    obaervationa 
were  made  at  every  two  honrs,  day  and  night ;  proper  precautiooB    , 
were  taken  for  assurance  of  the   general  accuracy  of  the  times  of 
observation;  and  I  do  not  doabt  that  the  I'esalta  interpreted  from    . 
these   obeervatiooB   are   each   as   good   as    thoee  derived    from    the    ' 
succeeding  nyst«m;    though  the  intervals  of  two  hours  were  longer 
than  I  could  wish.     But  the  labour  was  great,  and  (as  measured  by 
the  interruption  of  assistftnts'  work)  was  expensive. 

The  idea  of  self-registration  by  photography  of  the  movements  of 
the  intrnments  (an  idea  little  entertained  before  that  time)  then 
suggested  itself ;  and,  at  the  Cambridge  Meeting  of  the  British 
Association  in  184o,  it  was  proposed  for  consideration  of  the 
Council  of  that  body,  that  the  (Jovemment  should  be  requested  to 
promote,  by  offer  of  a  pecuniary  reward,  tho  conslrnclion  of  a 
photographic  self- registering  iustrnment.  This  proposal  was  adopted 
by  the  Council ;  letters  were  addressed  by  Sir  John  Herschel,  Pre* 
sident  of  the  Association,  to  Her  Majesty's  Treasury,  and  by  myself 
to  the  Admiralty ;  and,  finally,  the  assistance  of  Dr,  Charles  Brooke 
was  secured,  for  forming  an  elTicient  apparatus,  and  making  the 
necessary  chemical  arrangements  adapted  to  our  wants. 

I  do  not  propose  here  to  describe  the  photographic  recording 
apparatus.  Allusions  to  the  construction  will  be  found  ia  the 
Introductions  to  the  Greenwich  Ohservationa  for  successive  years,  and 
especially,  and  in  great  detail,  in  the  introduction  to  the  volume  for 
1847.  The  only  alteration  that  was  made  in  it  for  several  years  is  the 
following,  Mr.  Brooke  had  conceived  that  advantage  would  be 
gained  by  making  the  recording  barrel  to  revolve  in  twelve  honrs. 
But  this  caused  a  donbling  of  the  curves  traced  on  the  photographic 
paper  which  is  wrapped  npon  the  barrel;  and  the  inconvenience 
produced  by  this  doubling  wae  soon  fonnd  to  be  so  great  that. I 
thought  it  necessary  to  alter  the  clock-work  so  as  to  produce  a 
revolution  of  the  barrel  in  twenty-four  hours.  The  records  of  the 
change  of  western  declination  from  the  north,  and  of  the  change  of 
horizontal  force,  are  made  on  the  same  barrel ;  and  by'  alterations, 
first  suggested  by  myself  about  1881,  and  carried  out  by  the 
present  Astronomer  Royal  (then  Chief  Assistant),  the  two  curves  are 
now  so  traced  that  the  simnKanuous  records  of  the  two  instruments  at 
all  times  are  in  close  juxtaposition. 

While  the  observations  were  made  by  eye,  at  every  two  horn's,  the 
jneana  of  the  two-bonrly  readings  were  adopted  as  baae  for  the  day, 
lad  the  excess  of  each  twQ-honr\y  reading  &\x>-vb  &«  \ii«&aMaB  adopted 
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As  **  magnetic  inequality  "  of  that  ordinate  for  that  hour  ;  producing 
twelve  measures  of  "inequality"  for  each  day.  When  the  photo- 
graphic system  was  introduced,  the  elevation  of  a  pencil  curve  drawn 
by  eye  so  as  to  smooth  down  the  irregularities  of  the  photographic 
trace  above  a  photographic  base  was  measured  for  every  hour, 
producing  twenty-four  measures  of  "  inequality," 

In  the  instances  of  excessive  and  rapid  disturbances  of  the  magnets 
during  magnetic  storms,  no  measures  of  ordinates  were  taken  for  the 
present  purposes. 

Thus  the  daily  measures  at  each  hour  or  two  hours  were  obtained. 

The  next  step  was  to  collect  for  each  month  all  the  daily  measures 
on  corresponding  hours  through  each  month,  and  to  take  their  mean. 
These  are  the  measures  for  the  hours  which  are  actually  treated  in  the 
present  memoir.  By  combining  (for  each  month)  the  inequality  of 
magnetic  horizontal  force  at  every  two  hours  or  each  hour,  as 
abscissa,  with  the  inequality  of  magnetic  declination  (on  the  same 
scale  of  measure)  at  the  same  two  hours  or  hour,  as  ordinate,  points 
were  defined  in  every  monthly  curve  representing  completely  the 
mean  diurnal  changes  of  magnetism  for  each  month.  On  the  recom- 
mendation of  the  Board  of  Visitors  of  the  Royal  Observatory,  reduced 
photographic  copies  of  these  curves  were  prepared  by  the  Astronomer 
Boyal  for  publication  with  the  volume  of  Greenwich  Observations  for 
1884.. 

The  number,  and  the  charactei*,  of  the  curves  produced  uninter- 
ruptedly on  this  plan,  and  the  circumstance  that  they  are  intended 
for  publication  in  the  Greenwich  Observations,  appear  to  render 
them  unfit  for  dissemination  in  the  Royal  Society's  Transactions.  I 
have,  therefore,  decided  on  the  following  course.  With  the  permis- 
sion of  the  Astronomer  Royal,  I  have  adopted  the  three  years  1863, 
1864,  1865,  for  partial  exhibition  of  results.  (Any  other  years  would 
have  answered  equally  well,  for  general  exhibition.)  For  each  of 
these  years  I  have  attached  to  this  paper  the  curves  for  the  months 
January,  April,  July,  October,  which  suffice  for  showing  generally  the 
characteristic  changes  of  magnetism  for  the  several  months.  But 
some  general  account  may  be  given,  for  which  this  is  perhaps  a 
suitable  place. 

The  form  of  the  curves,  and  the  position  of  the  points  on  them 
corresponding  to  hours  of  solar  time,  leave  no  doubt  that  the  diurnal 
inequality  is  due  mainly — and,  as  far  as  I  can  judge,  entirely — to  the 
radiant  heat  of  the  sun  ;  and,  it  would  seem,  not  to  the  sun*B  heat  on 
the  earth  generally,  but  to  its  heat  on  parts  of  the  earth  not  very 
distant  from  the  magnets.  In  the  hot  months  of  the  year,  the  curve, 
though  far  from  circular,  surrounds  the  central  point  in  a  form  which, 
as  viewed  from  that  central  point,  never  cros&e^  \\t^i\  vcA  ^a^^ 
roughly  apeaking,   naually  symmetrical  witb.  Tegeirdi  Va  ^.  vn^^ 
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Bat  in  the  cold  montlia,  the  space  included  in  the  curve  ia  mnch 
smftller  in  many  caaes,  probably  not  more  than  oue-ai«th  of  what  it 
ia  in  the  Hnrnmer  months;  and  tho  curve  often  crosses  itst 
most  bizarre  fashion  witli  irregnlar  loops  stretching  out,  tbreo 
crossings  in  one  curve  occumng  very  frequently.  In  the  summer  ( 
■nonths  there  is  a  certain  degree  of  symmetry ;  but  here  ia,  constantly, 
a  preponderance  on  the  west  side,  which  leads  me  to  imagine  that  the 
magnetic  effect  of  the  radiant  beat  upon  the  sea  is  considerably 
greater  than  the  effect  on  the  land. 

To  obtain  some  numerical  basis  for  a  report,  which  thouj^h 
exceedingly  imperfect  may  convey  some  ideas  on  this  wonderful 
subject,  I  have  adopted  the  following  course.  I  have  confined  myself 
to  the  months  of  Jnne  and  July  as  probably  the  two  hottest,  and  tba 
months  of  December  and  January  as  probably  the  two  coldest.  For 
each  of  the  curves  applying  to  these  months,  I  have  laid  down  a 
system  of  rectangular  co-ordinates,  correspond  in  gf  to  the  Greenwich 
meridian  and  to  tho  line  at  right  angles  to  the  meridian  (or  tha 
goopraphicft!  E,  and  W.).  The  extreme  iiorlh  ordinute  und  the 
extreme  sooth  ordinate  are  measured,  and  their  sum  is  taken,  and 
interpreted  bj  a  scale  of  measure  formed  in  accordance  with  the 
theory  of  the  intruments ;  and  this  interpreted  anm  forms  the  "  Range 
of  Ueridian  Force  "  in  terms  of  the  whole  Meridian  Force.  In  the 
same  manner,  the  "  Range  of  Transversal  Force  "  is  measured.  As  ihe 
time  of  each  of  the  two-boorly  or  hourly  records  is  marked  on  the 
curve,  there  is  no  difficulty  in  6zing  approximately  on  the  solar 
times  corresponding  to  the  extreme  N.  and  S.  valttes,  and  the 
extreme  E.  and  W.  values,  mentioned  above.  These  are  all  the 
elements  of  the  magnetic  record  which  are  described  in  the  subjoined 
table. 

The  changes  in  the  monthly  recoids  are  very  remarkable.  Thej 
leave  no  doubt  in  my  mind  that  the  diurnal  magnetic  changes  are 
produced  by  the  sun.  But  I  cannot  account  for  every  change  that 
takes  place  in  the  course  of  a  day ;  nor  can  I  undertake  to  say 
whether  we  can  found,  on  these,  the  theory  that  general  terrestrial 
magnetism  is  a  part  of  solar  radiation,  perhaps  sometimes  acting 
through  or  sometimes  impeded  by  the  masses  of  land  and  sea  on 
which  that  radiation  acts. 

Still  I  tbink  that  a  considerable  step  is  made  by  the  establishment 
of  a  connexion  between  terrestrial  magnetism  (on  one  hand),  and  the 
radiation,  or,  at  least,  the  visibility  of  the  sun  (on  the  other  hand). 
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VI.  "  Studies  of  Dismfectants  by  New  Methods."  By 
A.  Wynter  Blyth,  Medical  OflBcer  of  Health.  Commu- 
nicated by  Dr.  B.  W.  Richardson,  F.R.S.  Received 
October  8,  1885. 

The  object  of  this  paper  is  to  commnnicate  the  results  of  a  study 
of  the  actiou  of  disiufectant  substauces  which  has  occupied  the  leisure 
of  the  author  for  the  past  eighteen  months.  Three  series  of  experi- 
ments have  been  made,  viz. : — 

1.  On  the  Bacteriwm  termo, 

2.  On  the  various  micro-organisms  in  sewage. 

3.  On  the  disinfection  of  typhoid  excreta. 

The  term  disinfectant  as  used  thronghont  this  paper  must  be  con- 
sidered  as  synonymous  with  *'  germicide  " ;  to  disinfect  a  thread  or  a 
drop  of  liquid  contaminated  by  bacteria  is,  according  to  my  view,  to 
kill,  and  to  idll  not  by  a  destructive  or  corrosive,  but  by  a  true 
poisonous  action,  all  the  micro-organisms,  so  that  the  '*  disinfected  '* 
micro-organisms  placed  under  the  most  favourable  conditions  for 
growth  are  incapable  of  any  further  development. 

1.  The  Disinfection  of  tJte  Bacterium  termo. 

A  pure  cultivation  of  the  Bacterium  termo  was  made  in  ordinary 
tterile,  solid,  natrient  gelatin;  the  somewhat  flnorescent  greenish 
liquid  to  which  the  npper  layers  of  the  gelatin  were  reduced,  by  the 
growth  and  multiplication  of  the  bacterium,  was  sabmitted  to  the 
various  disinfectants  in  the  manner  to  be  described,  and  then  the 
bacterium  was  withdrawn  as  far  as  possible  from  the  influence  of  the 
disinfectant  and  planted,  as  it  were,  in  fresh  nutrient  gelatin.  The 
methods  used  in  the  sterilisation  of  beakers,  test-tubes,  &c.,  as  well  as 
the  preparation  of  nutrient  gelatin,  differed  in  no  essential  respect 
from  the  same  methods  in  general  use  in  biological  laboratories,  and 
therefore  need  not  be  described. 

The  B,  termo  was  submitted  to  the  action  of  the  disinfectants  by 
two  methods,  which  may  be  called  the  "  drop  "  and  "  thread  '*  method 
respectively. 

The  Drop  Method, — Sterilised  pure  water  was  infected  with  a  few 
C.c.  of  gelatin  liquefied  by  the  bacterium  ;  measured  volumes  of  this 
infected  water  were  added  to  measured  volumes  of  the  disinfectant, 
and  the  whole  allowed  to  act  for  twenty-four  hours.  A  drop  of  this 
liquid  was  then  added  to  from  10 — 20  grams  of  the  nutrient  gelatin, 
first  liquefying  it  at  a  very  gentle  heat.  As  the  proportion  of  the 
weight  of  the  drop  to  the  weight  of  the  nutrient  gelatin  varied  from 
about  1 :  500  to  1 :  1000,  the  dilution  was  in  mo«l  c%ai^  %a^^\«\>^  M^ 
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reduce  any  antiseptic  or  inhibitory  action  of  the  rainut«  qnantity  of 
the  chemical  agent  in  the  drop  iteell  to  a  minimnm,  bo  as  to  eiei-cise 
no  appreciable  effect. 

Tks  Thread  Method. — In  the  thread  method  capillary  glass  rods 
were  made  by  drawing  out  ordinary  glass  tubing  in  the  Itlow-pipe 
flame,  these  were  tipped  with  sealing-was,  and  to  the  wax  a  little  bit 
of  sterilised  cotton  wool  was  made  to  adhere. 

The  end  of  the  rod  thus  prepared  was  infected  with  the  hacterinm 
by  a  short  immeraior  in  a  pure  cultivation  and  was  then  placed  in  the 
disiDfect.ant  for  twenty-four  hours.  The  rod  on  removal  was  soaked 
for  a  little  time  iu  sterilised  water  until  all  trace  of  the  disinfectant 
had  been  removed. 

The  rod  thus  charged  and  purified  was  next  inserted  into  a  mass  of 
■olid  nutrient  gelatin  in  a  test-tube,  and  put  on  one  aide  at  the  ordi- 
nary temperature  of  the  atmosphere,  protected  of  course  fi'om  external 
contamination  by  a  suitable  plug  of  sterilised  wool.  Whether  the 
process  used  waa  that  which  I  have  called  the  "  drop "  or  tho 
"  thread,"  in  each  case  "  rontrol  "  experiments  were  made  with  threads 
infected  with  the  baclerium,  but  which  had  not  been  submitted  to 
disinfection. 

Alcohol,  Ether,  ^c. — As  it  was  necessary  to  dissolve  many  of  the 
substances  experiment«d  upon  in  weak  alcohol,  a  series  of  experiments 
were  made  to  asoertain  the  influence  of  alcoholic  and  other  solvents 
on  the  life  of  the  bacterium,  and  the  following  table  gives  the  resalt. 
Alcohol  of  60  per  cent,  disinfected,  bat  absolute  amyl  alcohol,  puro 
ether,  chloroform,  and  carbon  disulphide  merely  delayed  the  growth. 

Alcohol,  Chloroform,  Ether,  and  Carbon  Disulphide — (Thread 
Method). 
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The  —  sigfD  in  the  table  denotes  "no  growth,"  the'+  sign  means 
that  on  the  day  denoted  in  the  upper  culamn  the  gelatin  began  to 
liqaRfy,  and  growth  to  appear. 

Phenol  arut  Gretol. — These  experiments  were  made  by  the  "  drop  " 
method. 

Weighed  quantities  of  pure  ciystalline  phenol  and  of  pore  liqnid 
cresol*  were  dissolved  in  20  per  cent,  alcohol  in  snch  proportion  that 
the  strength  was  exactly  1  per  cent.  Water  which  had  been  infected 
with  the  bacterinm  was  measnred  from  a  bnrette  into  test-tnbei),  and 
definite  quantities  of  the  phenol  or  cresol  solntions  added ;  the  Tolame 
of  the  whole  being  kept  at  10  c.c,  e.i;.,  3  c.c.  of  pbeaol  solntion,  and 
7  c.c.  of  the  infected  wat«r  wonld  eqnal  0  3  per  cent.,  1  o.c.  of  phenol 
solution  and  9  of  the  infected  water  would  equal  0*1  per  cent.,  and  so 
an.  At  the  end  of  twenty-four  hours  nutrient  gelatin  was  infected 
bj  means  of  dippiag  a  clean  recently  ignited  platinum  wire  in  the 
liqnid,  and  then  inserting  the  wire  for  a  second  or  two  in  the  gelatin, 
which  had  been  previously  liquefied.  The  following  short  table  sum- 
marises these  experiments ;  as  before,  the  —  sign  denotes  no  growth, 
the  -(-  sign  denotes  the  first  appearance  of  evident  growth  snd  lique- 
faction. 

Phenol  and  Cresol. 
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The  table  gives  the  reanlte  obtained  at  the  ordinary  temperatni 
and  also  at  the  temperature  of  SH-b", 

The  efEeut  of  a  temperatore  of  35'5°  is  remarkable,  and  goes  far  to 
explain  the  happj  eSecte  of  the  so-called  antiseptic  or  Liateriaii 
raetliod  of  surgery.  The  effect  of  the  higher  temperature  is  seen 
mainly  in  the  longer  period  of  time  between  the  inrection  and  the 
Hobsequent  growth,  e.ij.,  when  the  phenol  was  present  in  the  propor- 
tion of  0"1  per  cent.,  under  tbeae  conditions  the  growth  was*rt"tarded  to  ■ 
the  seventh  and  eighth  day,  and  ()"2ii  of  phenol  which  did  not  disinfect  j 
with  certainty  at  from  15 — 1(3°  did  so  at  35-5°.  ] 

Pyrid'ine  Serins. — Pure  samples  of  pyridine  (C^H^N),  picoline 
(CgHjN),  Intidine  (C-HgN),  collidine  {CgHuN),  parvoline  (CgHj^N), 
and  also  acridine  (Cj^HgN),  and  acridino  hydrooblorate  were  placed 
ht  my  diaposa!  by  Mr,  Benjamin  Nickels. 

Solutions  of  the  bases  were  made  in  20  per  cent,  alcohol,  and  the 
bacterium  was  eiperimented  upon  on  tbe  same  lines  as  in  the  pro- 
series  of  experiments. 

The  table  gives  the  general  reanlts  obtained,  and  establishes  well 


Tbe  Pyridine  Bases. 
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within  1  per  cent,  the  least  amount  of  the  disinfectant  which  has  the 
effect  of  destroying  the  germ  life. 

The  order  of  activity  seems  to  he  as  follows : — Parvolino,  acridine, 
cc^lidine,  pyridine,  Intidine,  picoline* 

Here  also  the  effect  of  the  hases  at  the  higher  temperature  is  very 
evident  and  marked;  1*15  per  cent,  of  Intidine  at  Ibb"*  failed  to 
disinfect,  for  growth  was  evident  and  vigorous  hy  the  sixth  day ;  hnt 
0'6  per  cent,  acting  for  twenty-four  hours  at  35*5®  disinfected  perfectly. 
Similarly,  0*1  per  cent,  of  acridine  disinfected  perfectly  at  35*5'',  hut 
not  at  the  lower  temperature. 

It  was  probable  enough  that  the  empyreumatic  products  of  tobacco^ 
consisting  to  a  considerable  degree  of  members  of  the  pyridine 
aerieSy  would  also  be  disinfectant.  The  smoke  from  an  ordinary 
pipeful  of  common  shag  tobacco  was  pulled  through  a  few  c.c.  of 
sterilised  water.  In  this  tobacco- water  threads  infected  with  the 
bacterium  were  soaked  for  twenty-fours,  and  afterwards  submitted  to 
cultivation,  but  no  growth  resulted. 

It  may  not  be  rash  to  infer  that  the  cavity  of  the  smoker's  mouth 
during  the  act  of  smoking,  is  likely  to  have  a  disinfecting  action  on 
any  bacteria  which  may  at  that  time  gain  access. 

Alkaloids, — Experiments  were  made  on  certain  of  the  alkaloids  by 
the  "  thread  "  method. 

The  exact  manner  in  which  the  alkaloids  were  dissolved,  &c.,  was 
as  follows : — Brucine  and  strychnine  were  respectively  converted  into 
chlorides  and  the  neutral  salt  dissolved  in  20  per  cent,  alcohol  so  as  to 
make  a  2  per  cent,  solution. 

Sulphate  of  atropine  was  dissolved  in  20  per  cent,  alcohol. 
Qainine  sulphate  was  in  one  experiment  dissolved  in  20  per  cent, 
alcohol  with  the  addition  of  a  sufficient  quantity  of  hydric  sulphate 
to  ensnre  solution ;  but  in  another  experiment  the  acid  was  omitted, 
a  saturated  solution  of  the  quinine  being  used  instead  ;  this  saturated 
solution  was  made  by  boiling  the  salt  for  a  few  minutes,  and  then 
allowing  the  solution  to  cool.  A  solution  thus  made  equals  0'3  per 
cent,  of  anhydrous  quinine  sulphate. 

Morphine  was  used  in  the  form  of  acetate.  Theine  was  simply 
dissolved  in  the  weak  alcohol  without  further  preparation. 

The  results  are  given  in  the  table,  from  which  it  will  be  seen  that 
strychnine,  brucine,  quinine,  and  atropine  all  destroyed  the  bacterium 
in  from  0'25  to  0*5  per  cent,  strength.  The  saturated  aqueons  solu- 
tion of  quinine  permitted  growth  on  the  sixth  day  when  acting  at 
ordinary  temperatures,  bnt  when  the  action  took  place  at  the  heat 
of  the  body  then  sterilisation  was  effected. 

It  is  noteworthy  that  solutions  of  morphine  acetate  of  1  per  cent, 
strength  seem  to  have  no  disinfecting  properties. 
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2 

3. 

4. 

B. 

6. 

r. 

8. 

9. 

10. 

11. 

13. 

At  15°  to  U-5'~ 
StryehninD  0-03  p.c. . . 
0-04    „ 
0-OT    .. 

0-01     „ 
0-02    „ 
0-25    „ 
060    „ 
TOO    „ 
Brucina       001     „ 
OOS    „ 
0-B5    „ 
050    „ 
Quinine  lulphate   dit 
wked  by  mean.  o( 
ac'-dio  water  0-B  P.O. 
Quinine   sulphate  die- 
Bolrsd  by  mMlu  of 
Boid  in  water  1-0  p.o. 
QuiniQB    .ulphate    in 
water  0  3  per  cent. 
At  35-5°— 

Ditto    

At  15°  to  16fi°— 

Atropine   sulphate  0-6 

percent. 
Aniline  water  1  :9.... 
2:8.... 

Thfine'l  per  cent.  '.'.'.'. 
Morphine    acetate   0'5 

Morphine   acetate  10 
per  cent. 

Control 

1 

+ 
+ 

+ 

- 

I 

- 

- 

- 

- 

FerroVft  Sviphate. — Infected  fhreada  steeped  many  honrs  in  a 
saturated  solution  of  ferrous  sulphate  (16-7  per  ceut.)  afterwards 
developed  a  strong  growtK,  thus  confirming  other  researches  as  to 
the  unreliability  of  this  salt  as  a  disinfectant. 

Potiune  Fermanganate. — Experiments  on  the  action  of  potnssic  per- 
maaganate  were  made  by  the  thread  method.  As  the  infected  thread 
was  immersed  in  a  large  volume  of  the  disinfectant,  the  latter  acted 
under  more  favourable  couditions  than  are  likely  to  occur  iu  actual 
practice,  in  which  there  will  be  usually  a  quantity  of  easily  broken 
up  organic  matter,  decomposing  tlie  permanganate,  and  thus  in 
effect  removing  it. 
The  results  are  given  ia  the  table,  from  which  it  appears  that  no 
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tme  diHinfectant  action  takes  place  nntil  tlie  strength  reaches  1  per 
cent. 


FeiTOna  Sniphate  and  Potaasio  Permanganate. 


Dajs 

2. 

2. 

-i. 

B. 

8. 

7. 

8. 

S. 

10. 

11. 

FBimai  Bulphflte  (saturated) 

16-7  per  cenl. 
Ferroua  Bulphate  6-4  per  cent 
Fenvua  aulphnle  5  per  cent.  . 
Ferrous  iulphatol-6  per  cent. 

Ferrous  nilpiiBte  1'6  poroent 

- 

-_ 

- 

l 

; 

+ 

- 

* 

At  lb"— 

Potuiic  permanganate  O'Ol 
per  cent. 

per  cent. 
PoUauc   pCTTOMganBte    10 
percent. 
At  3S-6°— 

percent. 

per  cent. 

Control    

- 

- 

- 

- 

- 

- 

+ 

+ 

- 

- 

Halogmt. — Since  minnt«  quantities  of  the  halogens  have  a  veiy 
decided  inhibitory  action,  on  growth,  the  thread  method  of  inresti- 
gation  was  thought  more  suitable.  Sterilised  threads  were,  therefore, 
infected  with  the  bacteriam,  and  submitted  for  twenty-four  honrs  to 
chlorine,  bromine,  and  iodine  water  of  known  strength,  the  thread 
being  afterwards  soaked  in  distilled  water  to  free  it  from  all  traces 
of  the  halogen,  and  then  planted  in  gelatin.  The  results  are  not 
essentially  different  from  those  obtained  by  other  observers,  and  fully 
confirm  the  great  disinfecting  power  of  the  halogens,  O^Ol  per  cent, 
solution  of  any  of  the  three  being  sufficient  to  destroy  the  bacterinm. 
Of  the  three,  chlorine  is  the  most  actire. 
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Chlorine,  Bromine,  Iodine. 
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Chlorine  0001  p.e... 

0003    „  . 

„       O'OO*   „  . 
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0-02      „  . 
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0002  „  . 
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la  the  following  seriea  of  experiments  an  entirely  different  met 
of  procednre  was  adopted.  The  number  of  colonies  in  a  g 
of  sewage  or  other  snitable  liqnid  waa  c&refully  determined  l 
modification  of  known  methods. 

The  same  sewage  was  then  treated  by  Bubstancea  the  disinfec 
properties  of  which  formed  the  subject  of  inqairy,  and  the  numbt 
colonies  capable  of  growing  in  a  nntrient  soil,  representing  the  mi 
organisms  which  had  escaped  destruction,  again  enumerated. 
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The  only  special  apparatns  need  requiring  desoription  is  the  *'  drop* 
bottle  "  and  the  "  rinf^  and  plates." 

Hie  Drap'hottle, — The  figure  represents  its  shape  and  size,  the 
capacity  is  about  25  c.c  The  stopper  is  hollow  and  terminates  in 
a  pipette;  it  has  a  pin-hole  at  a,  which  can  be  closed  by  the 
finger. 

The  Olass  Plates  and  Rings, — The  glass  plates  were  4  by  2  inches 
square,  the  rings  4  inches  in  diameter,  ^  inch  thick,  and  ^  inch  high. 
The  plates  had  a  ground  surface  the  size  of  the  ring  thickness ;  the 
rings  were  cemented  to  the  plates  in  the  following  manner.  After 
heating  the  rings  and  plates  in  a  hot  air  oven  for  many  hours  a  little 
peptone  gelatin  was  run  on  to  the  ribbon  of  ground  surface,  the  ring 
adjusted,  and  the  whole  allowed  to  cool  in  a  glass  chamber  formed  by 
a  small  dish  covered  by  a  slightly  larger  one ;  at  the  bottom  of  the 
dish  was  some  filter-paper  moistened  with  a  solution  of  mercuric 
chloride.  The  plates  were  not  used  until  the  gelatin  cement  had 
perfectly  set.  I  should  also  add  that  the  plates  were  ruled  by  means 
of  a  diamond  into  squares  for  the  purpose  of  easy  enumeration. 

Solid  substances,  such  as  ferrous  sulphate,  were  weighed  and  dis- 
solved in  definite  quantities  of  the  sewage ;  in  other  cases  solutions 
of  known  strength  were  mixed  with  the  sewage.  The  time  during 
which  the  disinfectant  acted  was,  as  a  rule,  twenty-four  hours. 

The  method  of  cultivation  was  as  follows: — A  small  quantity, 
whether  of  dilated  or  disinfected  sewage,  was  transferred  to  the 
previously  cleansed  and  sterilised  drop-bottle,  the  bottle  and  its 
contents  carefully  weighed,  then  by  means  of  the  pipette  stopper 
one  or  two  drops  spotted  on  to  the  surface  of  the  glass  cell  formed 
by  the  plate  and  ring  already  described ;  the  weight  of  the  drops  was 
ascertained  by  reweighing  the  drop-bottle. 

Ordinary  nutrient  gelatin  liquefied  at  a  gentle  heat  was  run  from 
a  Lister  flask  into  the  glass  cell,  and  mixed  equally  with  the  drops  by 
inclining  the  plate  in  difierent  directions.  During  these  several 
operations  dust  was  excluded  as  far  as  possible  by  covering  the  glass 
cell  by  a  second  glass  plate,  merely  shifting  the  plate  sufficiently  on 
one  side  to  allow  the  insertion  of  the  nozzle  of  the  Lister  flask  or  the 
point  of  the  pipette.  The  cells  thus  charged  were  placed  in  the 
moist  chamber ;  the  gelatin  rapidly  set,  and  at  the  end  of  from  three 
to  five  days  the  colonies  of  growth  were  counted  in  the  usual  way 
and  their  general  nature  determined. 

The  weight  of  the  drop  or  drops  taken  varied  ffom  20  to  100  mgrs., 
the  gelatin  in  which  the  drop  was  cultivated  from  15  to  20  grams, 
8o  that  the  minute  quantity  of  disinfectant  contained  in  the  drop 
itself  was  diluted  from  200  to  1000  times.  This  amount  of  dilution 
with  the  comparatively  weak  percentages  of  disinfectants  used  would 
reduce  the  action  of  the  disinfectant  on  t\iQ  g^\sAim^  V\ii^  tsv3i^v7^^A^% 
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Roil— to  It  miniiiinra,  so  that  practically  as  soon  as  the  micro-oi^anismB 
Btill  Barviving  were  floated  into  the  nutrient  golatiu  they  were 
removed  from  the  sphere  of  disinfectant  influence. 

Phenol  and  Cresol, — It  is  of  importance  to  know  the  relative  dis- 
infectant powers  of  phenol  and  creao!,  and  for  this  pnrpose  the 
following  comparatiTO  experiment  was  made.  Two  quantities  of 
Sewage  were  respectively  treated  with  phenol  and  cresol,  so  that 
the  mistnres  were  equivalent  to  1'9  per  cent.,  and  allowed  to  act  for 
twenty-fonr  hours ;  the  mean  of  two  strictly  concordant  experimenta 
gave  the  following  as  the  number  of  colonies  which  at  the  end  of 
four  days  could  bo  enumei-ated — 


Phenol 33,333 

Cresol 33,410 

rThe  control 1,490,000 
None  of  the  colonies  in  the  disinfected  sewage  liquefied  the 
^latin.  The  fnngi  which  developed  after  the  treatment  with 
phenol  were  to  the  other  colonies  as  3  :  5,  the  fnngi  in  the  cresol 
experiment  were  to  the  other  colonies  as  1  :  7.  Weight  for  weight, 
pare  crystalline  phenol  and  pnre  liqnid  cresol  seem  to  be  abont 
equal  in  disinfectant  power.* 

In  another  experiment  10  grams  of  phenol  and  10  grama  of  cresol 
were  mixed  respectively  with  90  grams  of  pure  calcic  hydrate. 
1  gram  of  each  of  these  powders  was  digested  with  100  grams  of 
sewage  for  twenty-foar  hoars.  The  results  of  the  csltivation  were 
as  follows : — 

Ifo.  of  colonin  per  giun 

of  the  aewage 

tkkon. 

Phenollime    311 

Cresol  lime 118 

Control 1,490,000 

FeTTffitt  SvlpJiati!. — A  saturated  solation  of  ferrous  sulphate  was 
made  by  boiling  the  crystals  in  water,  allowing  to  cool,  and  then 
filtering  from  the  deposited  crystals.     The  strength  of  the  solution 

■  Hr.  J.  F.  Lbit>,  F.C.S.,  in  tome  recent  eiperiments  on  the  disinfectioD  of  the 
Sacillut  anlhracii,  found  the  relatire  "  reitruining  "  power  of  phenol  tad  paracreaol 
to  be  u  2  :  3,  the  killing  power  u  S  :  6  ;  hence  he  gives  Kiiiie  ■uperiorit;  to  oreeol 
u  reganli  B.  atU\racii.  Hii  Mmples  were  botb  crjatallioe,  and  obtained  from 
Esblbnum  uid  made  from  the  benzene  nnd  toluene  sulpbonetea  of  potusium 
(Fourteenth  Jonual  Report  Local  GoTemment  Board,  Supplement— MedicJ 
Oacer.    Loudon,  2886,  p.  209).— December  »,  V88S. 
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was  ascertained  to  be  equal  to  16*75  per  cefit.  of  the  anlijrdrons  sul- 
phate. 

Equal  volumes  of  the  saturated  solution  and  of  the  sewage  were 
mixed  together,  and  drops  weighed  out  and  cultivated  at  the  end  of 
one  and  twenty-four  hours  respectively.  The  results  of  these  experi- 
ments were  as  follows  :— 

No.  of  oolonieB  per  gram 
of  the  lewage 
taken. 

Sewage   containing  8'37  per  cent,   of 

ferrous  sulphate  acting  for  1  hour  •  •  1,250 

Sewage  containing  *8'^7  per  cent,  of 
ferrous  sulphate  acting  for  24  hours  572 

The  control. .  .^ 1,490,000 

Ferric  Perchloride, — ^A  solution  of  perchloride  of  iron  was  added 
to  sewage  in  such  proportion  that  the  mixtures  of  sewage  and  iron 
represented  16*4,  9*2,  and  5*3  per  cent,  of  ferric  perchloride  ;  the  three 
mixtures  were  placed  on  one  side  at  the  ordinary  temperature  for 
twenty-four  hours,  weighed  drops  of  each'  were  then  taken  for  culti- 
vation. 

No.  of  colonies  per  gram 
of  the  sewage 
taken. 

1.  Sewage  treated  with  ferric  chloride 

16-4  per  cent. 20,856 

2.  Sewage  treated  with  ferric  chloride 

9-2  per  cent 35,294 

3.  Sewage  treated  with  ferric  chloride 

5*3  per  cent 42,444 

Control 1,490,000 

It  was  noted  that  the  colonies  developed  comprised  all  classes 
of  micro-organisms — mucors,  aspergilli,  bacilli,  bacteria,  and  micro- 
cocci  having  all  their  representatives. 

The  proportion  of  fungi  to  the  other  growths  was  carefully  deter- 
mined with  the  following  results : — No.  1,  the  number  of  fungoid 
growths  to  the  rest  was  as  1  :  48 ;  in  No.  2,  as  1  :  5 ;  in  No.  3,  as 
1  :4. 

Zinc  Chloride. — In  the  same  sewage  which  formed  the  subject  of 
the  previous  experiments  zinc  chloride  was  dissolved,  and  the  solu- 
tions allowed  to  act  for  twenty-f our  hours.  The  following  table  gives 
the  strength  of  the  solutions,  and  the  number  of  colonies  which  were 
enumerated  after  four  days'  cultivation. 
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Ko.  of  rolooira  ptrr  gnm 
of  tht  tcirage 


Sewage  containing  5'22  per  cent.  lino  chlo- 
ride   

Sewage  containing  11'75  per  cent.  lino  chlo- 

57(54 

Sevage  containing  I5'67  per  c 
ride 1333 

ifercurio  Chloride. — Equal  Tolnmefi  of  a  O'l  per  cent,  eolntion  of 
mercuric  cMoride  and  aewage  wei^  mixed  together  and  allowed  to  act 
for  twentj-.fonr  hours. 

r  portion  of  the  eewage  mercuric  chloride  waa  added  a 
as  to  be  iu  the  exact  proportion  of  Ul  pef  cent. ;  this  also  naa  allowed 
to  act  for  tweuty-fonr  honra. 

~  a  reBult  was  ae  follows  :- 

I  No.  of  colonies  per  gnun 

'-  of  the  BewagB 

Sewage  containing  O'l  per  cent,  of  mer- 

cnric  chloride 550 

Sewage  containing  0*5  per  cent,  of  mer- 

onric  chloride 77 

Q  nndiaiufected    1,490,000 


Chloride  of  Lime. — A  gram  of  chloride  of  lime  of  average  qnaltty 
was  added  to  100  grains  of  sewage  and  placed  in  an  incnbator  set  at 
37° ;  after  twentj-foar  boars  weighed  drops  of  the  sewage  were 
cultivated. 

At  the  same  time  2  grams  of  chloride  of  lime  were  added  to 
100  grams  of  the  aewage  and  digested  for  twenty-foor  hours,  at  the 
ordinary  temperature,  and  cultivated  side  by  aide  with  the  above.  In 
each  the  sewage  had  a  very  distinct  odour  of  chlorine. 

The  result  of  the  cultivation  was  as  follows : — 

No.  of  colonies  per  g>am 
of  thp  Kwage 

Chloride  of  lime  I  gram,  sewage  100  grams 

at  37°    46 

Chloride  of  lime  2  grama,  sewage  100  grams 

at  17°    1638 

Aniline. — 1  gram  of  sewage  was  added  to  99  grams  of  aatntated 
aniline  water,  allowed  to  stand  at  the  ordinary  temperature  of  the 
atmosphere  tor  twenty-four  hours,  and  then  drops  weighed  ont  and 
cultivated. 
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On  the  foarth  day  of  cultivation  the  colonies  prodneed  were  calcu- 
lated to  be  equal  to  33,846  per  gram  of  the  orig^al  sewage,  which 
when  not  disinfected  yielded  1,490,000  per  gram.  It  was  noted  that 
the  fungi  were  to  the  other  organisms  as  4  :  7.  About  1500  of  the 
colonies  were  of  the  class  that  liquefy  the  gelatine. 

Quinine  Sulphate, — A  saturated  solution  of  quinine  sulphate  was 
made  by  boiling  the  crystals  with  water,  allowing  to  cool,  and  filtering 
from  the  crystals  which  separated.  The  strength  of  this  solution  was 
ascertained  by  evaporating  10  c.c.  to  dryness  in  a  tared  platinum  dish. 
It  was  found  in  this  way  to  be  equal  to  0*3  per  cent,  of  the  anhydrous 
sulphate. 

1  gram  of  sewage  was  mixed  with  50  grams  of  the  saturated  solu- 
tion, and  after  acting  for  twenty-four  hours  drops  were  weighed  out 
and  cultivated. 

The  colonies  developed  at  the  end  of  five  days  were  noted  to  be 
about  one-half  composed  of  fungi,  and  to  equal  48,936  per  gram  of 
the  original  sewage,  which,  as  previously  stated,  contained  1,490,000 
por  gram. 

Terehene, — 20  c.c.  of  terebene  were  added  to  100  c.c.  of  sewage  and 
digested  with  frequent  agitation  for  twenty-four  hours  at  the  common 
temperature.  In  this  way  tbe  sewage  was  saturated  with  as  much 
terebene  as  the  conditions  would  allow,  the  excess  separating  and 
floating  in  an  upper  stratum.  A  small  quantity  of  *the  lower  liquid 
was  transferred  to  the  weighing  bottle,  and  some  drops  weighed  out 
for  cultivation. 

At  the  end  of  four  days  the  number  of  colonies  were  only  equal  to 
83  per  gram  of  the  onginal  sewage,  nor  did  any  fresh  colonies  make 
their  appearance  even  after  keeping  the  cell  in  the  moist  chamber  for 
ten  days. 

Potassio  Permanganate. — Two  flasks,  each  containing  1  gram  of 
crystallised  permanganate,  were  submitted  for  twenty-four  hours  to 
different  temperatures,  viz.,  the  one  at  18°,  the  other  in  an  incubator 
set  at  37^ 

The  sewage  used  was  the  same  as  in  the  former  experiments,  and 
contained  over  a  million  and  a  quarter  of  centres  of  growth  when 
cultivated  in  its  normal  state. 

The  sewage  and  permanganate  which  had  been  placed  at  the  lower 
temperature  yielded  on  cultivation  colonies  of  micro-organisms  equal 
to  171  to  the  gram,  but  that  which  had  been  incubated  at  37°  showed 
no  sign  of  growth. 

Ammonia,  hydroopylamine,  methylamine,  ethylamtne. — Solutions  of 
ammonia,  hydroxylamine,  methylamine,  and  propylamine  were  made 
twice  the  strength  of  normal ;  that  is  to  say,  that  double  the  equi- 
valent of  ammonia  (17),  of  hydroxylamine  (33),  &c.,  was  dissolved 
in  a  litre  of  water.     To  one  volume  o£  Qa^ii  o(  >^'&^^  ^ic^tx^Iv^t^  ^^^ 

roL>  jixix.  t. 
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Tolame  of  sewage  was  added,  and  the  whole  allowed  to  rest  at  the 
oi-dinary  temperature  for  twenty-fonr  hours,  at  the  end  of  which 
'  ttiDc  drops  of  each  were  weighed  ont  and  cultiirated  in  the  uaual 
TDfumor.  The  control  was  the  same  sewage  diiutod  with  an  equal 
bnlk  of  stevihsed  water. 
The  resalte  wei-e  as  follows ; — 

No.  of  roIoniM  per  gram 
at  III  I!  >owa(;e 

Hydrojcylamine 50 

Methylamine    180 

Ethylamine 181 

Propylamine    237 

Ammonia 257 

Control 6250 

3.  The  Action  of  BUinfeclanU  on  Typhoid  Excreta. 

Eberth,  Klebs,  and  Gaffky  have  each  described  micro-organisms 
which  they  consider  peculiar  to  abdominal  ty^iliiis,  i.e.,  enteric  or 
typhoid  fever.  Gaffky  has  specially  studied  the  question,  and 
describes,  with  great  minuteness,  the  manner  of  growth  of  a  bacillus 
which  he  found  in  twenty-six  ont  of  twenty-eight  typhoid  bodies 
(Gaffky,  "  Zur  Detiologie  des  Abdominal  Typhus."  "  Mittheilangen 
ans  dem  Kaiserlichen  Oesnndheitsamte,"  2  Band,  Berlin,  1884).  The 
bacillus  grows  in  nutrient  gelatin,  in  light  brown  colonies,  which  do 
not  liqnefy  the  gelatin;  if  a  minute  portion  of  one  of  the  colonies  be 
taken  ap  on  a  needle  and  transferred  to  a  drop  of  water  for  micro- 
scopic obeervation,  the  bacillus  is  seen  to  have  the  power  of  self-move- 
rnent.  If  the  bacillns  is  sown  on  sterlised  potatoes,  a  peculiar  sort 
of  pellicle  in  about  forty-eight  hours  is  prodnced,  formed  wholly  of 
hacilli.  The  method  of  growth  on  gelatin,  on  potato,  and  the 
power  of  self-movement,  taken  together,  OafFky  considers  to  belong 
to  no  other  bacillas  hitherto  described.  At  the  ordinary  temperatnre 
so  spores  were  formed,  hnt  they  were  readily  produced  when  the 
bacillns  was  cnltivated  on  potato  at  a  blood  heat. 

Gaffky,  although  seldom  failing  to  find  this  bacillns  in  typhoid 
bodies,  conld  not  detect  it  in  the  excreta. 

In  the  study  of  the  action  of  disinfectants  on  typhoid  excreta,  it 
was  necessary  to  first  determine  the  number  of  colonies  which  conld 
be  raised  by  cultivation  from  a  gram  of  the  typhoid  matter  operated 
upon,  and  also  search  for  any  distinctive  organism. 

From  a  typical  case  of   typhoid  fever,  on  the   tenth  day  of  the 

disease,  a  amall  quantity  of  the  typhoid  stool  was  obtained ;  it  was 

very  Uqnid,  offensive,  of  a  light  brown  colour,  and  free  from  blood. 

-i  portion  of  this  was  weighod  and  diluted  vith  sterilised  water,  bo 
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that  the  solution  equalled  5  per  1000.  Weighed  drops  of  this  solution 
were  cultivated,  and  the  number  of  colonies  obtained  enumerated. 
According  to  the  mean  of  four  experiments  the  number  per  gram  of 
colonies  of  all  kinds  in  the  origimd  typhoid  stool  was  1,031,250. 

Of  these  yarious  growths  40  per  cent,  were  forms  of  muoor  and  asper- 
gillas,  about  20  per  cent,  were  bacilli,  bacteria,  and  micrococci,  which, 
from  their  manner  of  growth  and  general  characters,  seemed  to  belong 
to  common  and  familiar  forms,  and  were  not  farther  investigated. 

Besides  these  there  were  some  light  brown  colonies  which  grew 
nlowly,  the  one  genei*ally  in  almost  circular  spheres,  the  other  in 
flatter  irregular  wart-like  masses ;  neither  of  these  growths  while 
cultivated  on  the  thin  sheet  of  golatin-peptone  in  the  glass  cell 
seemed  to  liquefy  the  gelatine,  that  is,  within  five  or  six  days  of  culti- 
vation, for  observation  could  not  be  carried  on  longer  than  this  period, 
other  common  organisms,  such  as  B.  temio,  liquefying  the  whole  mass 
and  mixing  up  the  colonies.  It  was,  therefore,  necessary  for  the 
farther  study  of  these  brown  colonies  (which  might  be  Graffky's 
bacillus)  to  obtain  of  each  pure  cultivations.  For  this  purpose  a 
minute  quantity  of  each  was  transplanted  into  a  test  tube  of  nutrient 
gelatin  by  means  of  a  sterilised  platinum  wire;  from  this  cultiva- 
tion a  second  was  produced,  and  from  the  second  a  third.  As  the 
general  behaviour  of  the  various  cultivations  never  altered,  nor  could 
any  foreign  element  be  detected,  the  last  cultivations  were  considered 
to  be  pure,  and  from  these  the  surface  of  sterilised  slices  of  potatoes 
were  inoculated.  The  bacillus,  which  may  be  referred  to  as  bacillus  (a), 
and  which  grew  in  a  more  or  less  spherical  manner  in  the  sheet 
gelatin,  when  transferred  to  a  test-tube  of  solid  gelatin-peptone, 
liquefies  very  slowly  the  gelatin,  growing  always  in  contact  with  the 
air.  On  potato  it  extends  as  a  dirty  scum.  The  bacilli  examined  in 
water  showed  no  power  of  self-movement.  The  irregularly  growing 
brown  colony,  which  may  be  called  bacillus  (6),  also  very  slowly 
liquefies  the  gelatin,  but  only  along  the  track  of  the  needle.  A 
test-tube  cultivation  at  the  end  of  from  fourteen  to  twenty  days  has 
the  following  appearance.  Along  the  track  of  the  needle  there  is 
a  cone-shaped  perfectly  liquid  mass.  On  the  surface  of  the  liquid 
float  little  detached  white-brown  colonies ;  at  the  bottom  is  a  white 
deposit  composed  of  colonies  which,  having  been  formed  on  the 
surface  in  contact  with  the  air,  have  slowly  sunk.  The  liquid  inter- 
vening between  the  deposit  and  upper  floating  colonies  is  perfectly 
clear.  On  potato  the  bacillus  grows  rapidly,  forming  an  irregularly- 
shaped  brownish  crust,  and  ultimately  presents  an  appearance  very 
similar  to  the  common  wall  lichen  (Parmelia  parietina) . 

Whether  these  bacilli  have  any  connexion  with  the  typhoid  state  or 
not,  the  characters  described  are  quite  diflerent  from  those  of  GafCk^*^ 
bacillus. 
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Whatever  thoir  Bignificance  may  Iw,  they  were  fov  this  particular 
Hample  of  eicreta  distinctive,  and  moreover  had  such  a  special  maaner 
of  growth  that  they  oould  be  readily  recognised  by  the  nnaided  sight, 
BO  that  their  presence  or  absence  in  the  aaoceeding  esporiments  coold 
bo  easily  noted. 

The  disinfcctanta  first  experimented  upon  were  some  in  comnioa 
use,  such  as  Ferrous  sulphate,  cresol,  and  potassic  permanganate. 

Ferrous  Sulphate. — To  the  05  per  cent,  typhoid  water  crystals  of  the 
sniphate  were  added  and  flllowed  to  remain  at  the  ordinary  tempera- 
tni-e  for  twelve  hours,  crystals  at  the  end  of  that  period  were  still 
undissolved,  so  that  in  effect  the  solution  was  saturated. 

Of  this  liquid  a  quantity  equal  to  125  m^rms,  of  the  original  typhoid 
stool  was  taken  for  cultivation.  Growth  was  rapid;  at  the  end  of 
three  days  fifteen  colonies  were  counlod,  composed  of  common 
liquefying  bacteria  and  bacilli;  besides  these,  there  were  siity-fivo 
others  vrhich  did  not  liquely  the  gelatine,  i.e.,  within  the  sarao  time, 
among  which  were  to  bo  found  both  kinds  of  the  light  brown  bacilli 
above  described.  The  total  number  of  colonies  calculated  per  gram  of 
the  original  typhoid  matter,  whioh  had  escaped  destruction,  were  thus 
640. 

Cresol. — The  erode  carbolic  acid  of  commerce,  so  largely  used  for 
disinfecting  purposes,  is  a  mixture  of  phenol  and  cresol  vrith  small 
qaantities  of  other  tar  principles.  The  cheapest  carbolic  acid  may  be 
considered  impure  cresol,  all  phenol  that  the  manufacturer  can 
possibly  ciT'stallise  ont  having  been  removed  ;  hence  in  the  following 
experiments  with  Calvert's  cresol  some  information  is  obtained  as 
to  the  value  of  the  disinfeotiou  of  typhoid  matters  as  ordinarily 
performed. 

An  exact  1  per  cent,  solution  of  cresol  was  made  in  typhoid  water, 
and  drops  weighed  out,  at  the  end  of  fift«en  minntes,  three  boors, 
and  twenty-four  hours  respectively. 

The  nnmber  of  colonies  per  gram  of  the  original  typhoid  matter 
appearing  at  the  end  of  foar  days'  cultivation  was  as  follows  : — 

No.  of  colonies  per  gram 
of  typhoid  matt^ 

Creeol  acting  for  15  minntes    89 

3  hours ....      27 
U       „    ....        S 

The  brown  colonies  were  not  detected  in  the  last  cultivation,  bnt 
were  present  in  the  others. 

The  experiments  were  next  extended  to  the  amines  and  to  the 
pjrridioe  Belies,  substances,  the  action  of  which  on  Bacterium  termo 
and  oa  aowage  liud  already  been  studied. 
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Amfnonicty  hydro^jlamine,  and  the  amines. — The  same  streDgth  of 
Bolation  of  ammonia  and  the  amines  employed  in  the  treatment  of 
sewage  was  also  used  in  the  experiments  on  typhoid  matter. 

The  0*5  per  cent,  of  typhoid  stool  was  diluted  with  an  equal  volume 
of  these  solutions,  with  of  course  the  result  that  every  100  parts 
contained  by  weight  one- tenth  of  an  equivalent  of  ammonia, 
hydrozylamine,  and  the  amines,  and  0*25  per  cent,  of  typhoid  matter. 

As  a  control  one  volume  of  typhoid  water  was  dilated  with  one 
volume  of  sterilised  water  and  cultivated  side  by  side  with  the  others. 
At  the  end  of  four  days  the  colonies  were  enumerated,  the  light  brown 
bacilli  (a)  and  (5)  were  present  as  well  as  representatives  of  all  others 
seen  in  the  control* 

No.  of  coloiiiee  per  gram 
of  typhoid  matter 
taken. 

Methylamine 14,350 

Hydroxylamine 22,222 

Ethylaraine 33,333 

Propylamine 73,913 

Ammonia    103,703 

The  control 500,125 

The  order  in  which  the  different  amines  stand  is  pretty  well  the 
same  as  in  the  similar  experiment  on  the  disinfection  of  sewage  (see 
ante)f  but  none  of  them  seem  to  be  strong  disinfectants. 

The  Pyridine  Series. — 2  per  cent,  solutions  of  pyridine,  C5H5N, 
picoline,  C^HyN,  lutidine,  C7H9N,  and  parvoline,  G9H1SN,  were  made  in 
20  per  cent,  alcohol.  Equal  volumes  of  these  solutions  were  then 
mixed  with  equal  volumes  of  the  0' 5  per  cent,  typhoid  water,  and  after 
the  end  of  twenty-four  hours  weighed  drops  were  cultivated. 

Pyridine. — The  quantity  taken  for  cultivation  of  the  typhoid  water 
was  equivalent  to  0*5  mgrm.  of  the  typhoid  stool.  After  four  days' 
cultivation  three  colonies  developed,  two  of  these  were  common 
moulds,  the  third  a  common  bacillus. 

Picoline. — After  four  days*  cultivation,  a  quantity  of  the  solution 
equivalent  to  0*885  mgrm.  of  typhoid  yielded  fifteen  colonies,  five  of 
which  were  identical  with  the  light  brown  bacillus  (a)  already 
described. 

Lutidine. — After  four  days*  cultivation,  a  quantity  of  the  solution 
equivalent  to  0'62  mgrm.  of  typhoid  stool  yielded  twelve  colonies,  all 
of  which  seemed  of  a  common  kind. 

Parvoline. — After  four  days'  cultivation,  a  quantity  of  the  solution 
equivalent  to 085  mgrm.  of  typhoid  stool  yielded  five  colonies,  five  of 
these  were  common  forms  of  mould,  one  was  the  light  brown  bacillus 
(b)  previously  described. 

Hence   with  regard  to  the  members  of  i\i\a  a^xvea  ^x^^YvxasoJ^^ 
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upon,  tbe  number  of  coloniea  per  gmm  of  typhoid  developed  ii 
normal  Bolution  acting  for  twentj--four  honra  was  as  follows : — 

Ifg.  of  r>otoDic8  poi:  gmn 
of  tj  jilioid  matler 

Parvoline,  CgHuN 5,8S2 

Pyridine,  C^HgN 6,000 

Picoline,  CgHjN    16,949 

Lntidine,  C;UgN 19,355 

Snmmary. — From  the  three  series  of  experiments  certain  general 
conclusions  may  be  dravrn  ;  these  are  as  follows  : — 

1.  The  it-lative  merits  of  phenol  and  cresol  aa  a  disinfectant  are 
fairly  equal,  as  shown  by  oipenments  on  Bacterium  lermo  and  on 
sewage,  so  that  preference  for  one  or  the  other  must  be  determined 
from  considerations  apart  from  degrees  of  activity.* 

2.  Ferrous  sulphate  as  a  disinfectant  of  Bacltrium  lermo,  of  sewage, 
and  of  typhoid  exci'eta  is  shown  to  be  unreliable.  Even  strong 
Bolntions  fiiil  to  desti-oy  all  cla.sses  of  niifi-o-organiHrua.  Considering 
the  extensive  nse  of  ferrous  sulphate  in  cases  of  typhoid  fever,  and 
that  in  both  scientific  and  popnlar  m&nnals  ferrons  snip  bate  is 
confidently  recomniended  aa  a  disinfectant  of  specific  excreta,  it  seems 
important  to  accentuate  tbe  fact  that  my  experimenta  are  in  their 
result  wholly  opposed  to  tbe  popnlar  view  and  caetom. 

3.  The  experiments  on  tbe  amines  clearly  show  that  the  disin- 
fectant action  of  members  of  that  series  differs  in  degree  according  to 
tbe  displacement  of  hydrogen  by  methyl,  ethyl,  propyl,  or  hydroxyl. 
The  connexion  between  chemical  constitution  and  disinfectant 
action  is  also  seen  in  the  experiments  on  the  pyridine  series,  but  is  not 
BO  marked. 

4.  Other  things  being  equal,  the  shorter  tbe  time  a  disinfectant 
acts,  the  leas  the  disinfection ;  this  was  shown  very  clearly  in  the 
experiments  on  typhoid  excreta  treated  with  cresol  for  varying 
periods  of  time.  It,  therefore,  necessarily  follows  that  even  when 
strong  disinfectants  are  poured  on  to  specific  excreta,  and  the  whole 
within  a  few  minutes  thrown  into  a  drain  or  cesspool,  which  by 
great  dilution  more  or  less  removes  the  excreta  from  the  sphere  »rf 
disinfectant  influence,  no  trae  disinfection  has  been  accomplished. 

5.  Disinfection  is  far  more  efficient  at  35'5°  to  37",  tbe  temperatures 
at  which  development  and  growth  of  micro-organisms  is  most  active, 
than  at  ordinaiy  temperatnres.  This  is  shown  in  the  experimente  on 
Bacterivm  iermo  with  phenol,  cresol,  lntidine,  coUidine,  and  potassio 
permanganate,  as  well  as  in  the  experiments  in  the   treatment  of 

aewage  with  chloride  of  lime  and  potassic  permanganate. 
•  See  loot-note  on  \.  16%. 
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November  30,  1885. 

ANNIVERSARY  MEETING. 

Professor  T.  H.  HUXLEY,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

The  Report  of  the  Auditors  of  the  Treasurer's  Accounts  on  the 
part  of  the  Society  was  presented,  by  which  it  appears  that  the  total 
receipts  during  the  past  year  amount  to  £6,134  Is.  2(2.,  and  that 
the  total  expenditure  in  the  same  period  amounts  to  £4,918  18«.  11(2., 
leaving  a  balance  of  £1,183  Is.  3c2.  at  the  Bankers',  and  £32  78.  Od. 
in  the  hands  of  the  Treasurer. 

The  thanks  of  the  Society  were  voted  to  the  Treasurer  and  Auditors. 
The  Secretary  then  read  the  following  Lists  : — 

Fellows  deceased  since  the  last  Anniversary. 

On  the  Home  List. 


Andrews,  Dr.  Thomas. 
Arno tt,  James  Moncriefif,  F .  R.  C .  S . 
Barlow,  Peter  William,  F.G.S. 
Carpenter,     William     Benjamin, 

C.B.,  M.D. 
Davidson,  Thomas,  LL.D. 
Field,  Frederick,  F.R.S.E. 
Flight,  Walter,  D.Sc. 
Guy,  William  Augustus,  M.B. 
Houghton,      Richard     Monckton 

Milnes,  Lord,  M.A. 
Jeffreys,  John  Gwyn,  LL.D. 
Jenkin,  Henry  Charles  Fleeming, 
M.I.C.E. 


Montefiore,  Sir  Moses,  Bart. 

Pole,  William,  M.A. 

Selkirk,  Thomas  James,  Earl  of, 

F.G.S. 
Teignmouth,  Charles  John  Shore, 

Lord,  D.C.L. 
Vaux,   William   Sandys   Wright, 

M.A. 
Voelcker,  Augustus,  Ph.D. 
Watson,  Morrison,  M.D. 
Weldon,  Walter,  F.C.S.,  F.R.S.E. 
Yolland,  William,  Colonel,  R.E., 

C.B. 


On  the  Foreign  List, 

Henle,  Franz  Gustav  Jakob.      |  Milne-Edwards,  Henry. 

Siebold,  Karl  Theodor  yon. 

CJuinyes  of  Name  and  Title. 

Korthoote,  Highi  Hon.  Sir  Stafford  Henry,  to  Earl  of  Iddealei^h, 
Boberta,  William  Chandler,  to  Roberta- A\&ateii, 
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Fellows  elected  sinw 

Baird,  A.  W„  Major  R.E. 

Bowen,  Right  Hon.  Lord  Jaatice 
Sir  Charles  Synge  C,  Kt. 

Carpenter,  Philip  Herbert,  D.Sc- 

Clart,  Sir  Andrew,  Barl.,  M.D. 

Common,  Andrew  Aiiislie,  P.R.A.S. 

Creak,  Kttrick  William,  Staff  Com- 
mander R.N. 

Divers,  Prof.  Edward. 


'.nivertar^  Meeting. 
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^he  laflt  Annirersary. 

Hicks,  Henry,  M.D. 

Hicks,  Wiiliiira  Mitchingon,  M.A. 

Jspp.  FrancJB  R.,  Ph.D. 

Marshall,  Arthur  Milnes,  M.D. 

Martin,  Prof.  Henry  Newell,  D.Sc. 

O'SuUivan,  Cnmelina. 

Perry,  Prof.  John. 

Ringer,  Prof.  Sydney. 

Vines,  Sidney  Howard,  D.Sc. 


Re-admitted. 
James  Bateman. 
On  the  Foreign  List. 


Conm,  Alfred. 


Dana,  Jamea  D wight. 


The  President  then  addressed  the  Society  as  follows: — 

At  the  earliest  opportunity  afler  my  return  to  England  last  epHng, 
I  offered  my  very  grateful  acknowledgements  to  the  Society  for  th» 
kindness  with  which  the  Fellows  had  condoned  my  enforced  absence 
from  my  post  during  the  winter.  And  I  should  not  venture  to  occupy 
your  time  by  recnn-ing  to  the  subject,  did  not  the  return  of  St. 
Andrew's  day  admonish  me  that  duty  and  inclination  alike  reqnire  me 
to  offer  my  especial  thanks  to  the  Treasurer  for  the  cheerful  readiness 
with  which  he  took  upon  himself  the  bnrden  of  my  duties,  and  the 
efficiency  with  which  he  discharged  them  on  our  last  Anniversary. 

On  the  last  occasion  on  which  I  had  the  honour  to  address  you,  it 
was  my  painful  duty  to  commence  by  lamenting  the  death  of  a  very 
eminent  member  of  the  Society,  who  was,  at  the  same  time,  one  of 
my  oldest  and  most  intimate  friends.  I  deeply  regret  to  find  myself 
once  more  in  this  position.  The  lamentable  accident  which  has 
deprived  the  Society  of  one  of  its  oldest  and  most  distingnished 
Fellows,  Dr.  Carpenter,  has  robbed  me  of  a  friend,  whose  kindly 
sympathy  and  help  wore  invaluable  to  me  five-and- thirty  years  ago, 
and  who  has  never  failed  me  since. 

Yon  are  all  acquainted  with  Dr.  Carpenter's  g^at  and  long  continued 
nervices  to  science  as  an  investigator  and  as  an  expositor  of  remarkable 
literary  skill ;  and  there  mnst  be  many  here  who,  having  worked  with 
him  in  the  University  of  London,  of  which  he  was  so  long  Registrar, 
are  familiar  with  the  high  integrity,  the  energy,  and  the  knowledge, 
which  marked  him  as  an  administrator.  He  was  a  man  of  varied 
nccomplishmenta  outside  the  province  of  science,  single-minded  in 
aiai.  stainless  in  life,  respected  by  all  with  whom  he  came  in  contact. 
Within  the  last  few  days,  PhysicB  ^las  \oat  «."&  fcTainont  representn- 
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tive  in  Dr.  Thomas  Andrews,  of  Belfast.  Among  the  cultivators  of 
Chemical  Science  we  have  to  regret  the  decease  of  Mr.  Field,  who 
was  one  of  the  original  members  of  the  Chemical  Society ;  of  Mr. 
Weldon,  and  of  Dr.  Voelcker,  whose  names  are  well  known  in  con- 
nexion with  manufacturing  and  agricultural  chemistry.  In  Biology, 
we  have  lost  Dr.  Davidson,  whose  elaborate  monographs  on  the  fossil 
Brachiopoda  are  remarkable  examples  of  accurate  malacological  work 
combined  with  artistic  skill ;  Dr.  Gwyn  Jeffreys,  the  veteran  explorer 
of  our  marine  molluscous  fauna,  and  a  high  authority  on  conchology ; 
and  Dr.  Morrison  Watson,  whose  early  death  has  cut  short  the  career 
of  an  anatomist  of  much  promise.  Mineralogy  has  suffered  a 
similar  loss  by  the  premature  death  of  Dr.  Walter  Flight.  In 
Engineering  Science,  we  have  to  lament  the  deaths  of  Mr.  Barlow 
and  Professor  Fleeming  Jenkin.  I  may  be  permitted  to  dwell  for  a 
moment  upon  the  latter  name,  as  that  of  a  most  genial  and  accom- 
plished man  and  a  valued  personal  friend,  with  whom  it  had  been  my 
privilege  to  be  associated  for  a  time  in  his  well-directed  and  successful 
efforts  to  improve  the  sanitary  condition  of  our  cities.  The  elder 
generation  of  English  geologists  will  remember  the  keen  interest 
which  the  Earl  of  Selkirk  took  in  their  pursuits.  The  death  of  Lord 
Houghton  robs  us  of  a  connecting  link  with  all  the  world. 

Three  very  distinguished  names  have  disappeared  from  the  ranks 
of  our  foreign  members:  that  of  Henle,  of  Gottingen,  among  whose 
many  merits  must  stand  that  of  ranking  next  after  Schwann  among 
the  founders  of  histology ;  that  of  the  venerable  Henry  Milne- 
Edwards,  of  Paris,  one  of  the  most  distinguished  members  of  the 
school  of  Cuvier,  and  admirable  no  less  for  his  contributions  to 
zoological  philosophy  than  for  the  extent  and  the  precision  of  his 
additions  to  our  knowledge  of  facts  ;  and  lastly,  that  of  Yon  Siebold, 
of  Munich,  whose  remarkable  investigations  into  the  phenomena  of 
parasitism  and  of  sexless  reproduction  brought  about  the  solution  of 
some  of  the  most  difficult  problems  of  zoology,  while  it  would  be 
difficult  to  exaggerate  the  influence  of  his  wonderfully  accurate  and 
comprehensive  "  Handbook  "  on  the  progress  of  invertebrate  zoology 
forty  years  ago. 

On  the  Ist  of  December  last  year  the  total  number  of  Fellows  of 
the  Royal  Society  amounted  to  519  ;  of  these  473  were  on  the  home 
and  46  on  the  foreign  list.  Deducting  Her  Majesty,  our  Patron,  and 
four  other  Royal  personages,  the  number  on  the  home  list  was  468. 
At  the  present  moment,  we  have  45  foreign  members ;  while  the  total 
strength  of  the  home  list  (deducting  Royal  personages)  is  465,  or 
three  fewer  than  twelve  months  ago.  The  number  of  deaths  in  the 
home  list  during  the  past  year  is  20.  This  is  a  larger  mortality  than 
that  of  last  year ;  and  it  still  exceeds  the  number  of  Fellows  ^d.dft.^ 
to  the  Society  hy  election,  which  during  ttie  "p^t  ^ewc  ^^a  \^\ 
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namely,  the  Btatatory  15  Fellows  elected  in  the  orUinary  way  and   i 
1  Privy  Conncillor. 

A>>  tlie  Treasurer  observed  in  his  address  od  the  last  Anaiversarj, 
it  if!  obvioos  that  we  are  rapidly  apjiroaohiug  a  state  of  Bqnilibrium 
between  our  losses  and  our  gains ;  and  under  the  present  conditions 
of  election,  the  strength  of  the  home  list  may  be  expected  to  remain 
somewhere  between  460  and  470. 

While  our  number  thus  tends  to  remain  stationary,  the  list  of  can- 
didates for  the  Fellowship,  thongh  it  has  fluctunted  a  good  deal  from 
year  to  yeiir,  Las,  on  the  whole,  beuume  longer,  until,  !it  preeeut,  the 
candidates  are  more  than  four  times  as  numerous  as  the  annual 
elections  sanctioned  by  our  rules.  Tliis  slate  of  things  baa  given 
rise  to  comment,  both  within  and  without  the  Society,  on  more  than 
one  oi;casion.  It  has  been  said  that  any  restriction  upon  the  number 
of  oar  Fellows  is  unwise,  inasmuch  as  we  narrow  our  influence  and 
diminish  our  revenues  thereby ;  and,  by  way  of  a  still  more  unpleasant 
snggestion,  it  is  hinted  that,  by  such  limitations,  we  lay  ouraelvea 
fipen  to  the  chaise  of  a  desu-e  to  arrogate  to  ourselvoa  the  position  of 
the  elect  of  science. 

With  respect  to  the  first  objection  I  venture  to  point  out,  that  the 
influence  of  the  Society  upon  the  advancement  of  science  is  not  by 
any  means  measured  either  by  its  numerical  strength  or  by  the 
amount  of  the  funds  at  its  disposal. 

And,  as  to  the  second  charge  or  insinuation,  if  it  is  worth  while  to 
meet  it  at  all  (which  may  be  doubtful),  I  am  disposed  to  think  that, 
in  another  than  the  invidious  sense  of  the  words,  it  is  highly  desirable 
that  the  Fellows  of  the  Royal  Society  shonld  regard  themselves,  and 
be  regarded  by  others,  as  the  elect  of  science.  An  organisation  which 
was  the  direct  product  of  the  new  birth  of  science  in  the  days  of 
Gilbert,  of  Galileo,  and  of  Harvey ;  which  was  one  of  the  earliest  of 
the  associations  founded  for  the  sole  purpose  of  promoting  natural 
knowledge  ;  and  which  has  so  faithfully  performed  its  functions  that 
it  is  inseparably  associated  with  all  the  great  strides  which  scieDoe 
hae  made  for  two  centuries,  has  insensibly  and  without  effort  beoome 
a  recognised  representative  of  men  of  science  in  these  islands :  aa 
such,  on  the  one  hand,  it  is  consulted  by  the  Government  on  scientific 
questions ;  and,  on  the  other  hand,  it  claims  the  right  to  be  beard  by 
the  Government  on  all  questions  of  scientific  interest.  I  believe  it  to 
be  impossible  that  the  Society  should  discharge  the  functions  which 
it  has  not  sought,  but  which  have  thus  devolved  upon  it,  satisfactorily, 
unless  it  really  does  consist,  in  one  sense,  of  the  elect  of  science ;  that 
is  to  say  unless  every  care  is  taken  to  keep  its  sdeatific  character  at 
the  level  of  its  scientific  reputation,  and  to  ensure  that  it  shall  be  not 
the  mere  fi^re-head  of  the  scientific  body,  but  a  living  association  of 
repreeentatiye  man  engaged  m  ftl\  biUioheB  of  scientific  activity. 
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Those  among  my  hearers  whose  memories  go  back  forty  years  will 
remember  that,  at  that  time,  the  Society  was  in  great  danger  of  losing 
its  scientific  character,  thongh  it  wonld  doubtless  have  taken  it  a  long 
lime,  and  a  good  deal  of  perversity,  to  get  rid  of  its  scientific  reputa- 
tion. It  had  become  the  fashion  to  append  F.R.S.  to  a  name,  and 
the  scientific  members  were  in  danger  of  being  swamped  by  the 
invasion  of  dilettanti.  The  aim  of  our  eminent  colleague.  Sir  William 
Orove,  and  his  friends,  who  fought  the  battle  of  1847,  and  thereby, 
to  my  mind,  earned  the  undying  gratitude  of  all  who  have  the 
interests  of  science  at  heart,  was  not  to  create  an  academy  of  im- 
mortals, but  to  save  the  Fellowship  of  the  Society  from  becoming  a 
sham  and  an  imposture.  And  they  succeeded  in  their  object  by 
carrying  a  measure  of  reform  which  embodied  two  principles — 
the  first,  that  of  the  practical  responsibility  of  the  Council  for  the 
elections,  the  second,  that  of  the  limitation  of  the  number  of  can- 
didates annually  elected.  The  result  of  the  steady  adherence  of  the 
Society  to  these  principles  for  thirty-eight  years  is  that,  year  by 
year,  the  Society  has  approached  more  and  more  closely  to  that 
representative  character  which,  I  cannot  but  think,  it  is  eminently 
desirable  it  should  possess. 

During  a  great  part  of  this  time  I  have  enjoyed  more  and  closer 
opportunities  than  most  people  of  watching  the  working  of  our 
system.  Mistakes  have  been  made  now  and  then,  no  doubt,  for  even 
members  of  Council  are  fallible ;  but  it  is  more  than  thirty  years 
since  the  propriety  of  x>he  selections  made  by  the  Council  has  been 
challenged  at  a  general  meeting ;  and  I  have  never  heard  a  question 
raised  as  to  the  conscientiousness  with  which  vhe  work  is  done,  or 
as  to  the  desire  of  the  Council  to  mete  out  even-handed  justice  to 
the  devotees  of  all  branches  of  science.  I  am  very  strongly  of 
opinion  that  if  the  Royal  Society  were  a  "Chamber  of  Science," 
subject  to  dissolution,  and  that  after  such  dissolution  a  general 
election,  by  universal  su£h:«ge  of  the  members  of  all  scientific  bodies 
in  the  kingdom,  took  place,  an  overwhelming  majority  of  the  present 
Fellows  would  be  re-elected. 

Such  being  my  conviction,  it  is  natural  that  I  should  express  a 
fervent  hope  that  the  Society  will  never  be  tempted  to  depart  from  the 
principles  of  the  method  by  which,  at  present,  it  recruits  its  strength. 
It  is  quite  another  question,  however,  whether  it  is  desirable  to 
ret>ain  the  present  limit  to  our  annual  addition  or  to  increase  it. 

There  is  assuredly  nothing  sacred  in  the  number  15  ;  nor  any  good 
reason  that  I  know  of  for  restricting  the  total  strength  of  our  home 
list  to  460  or  470 ;  so  long  as  our  recruits  approve  themselves  good 
soldiers  ol  science  the  more  we  enrol  the  better.  And  if  I  may 
pursue  the  metaphor,  I  will  add  that  I  do  not  think  \t»  d!&%\t«X\^  V>ca^> 
our  corps  should  consiat  altogether  of  general  q&<^^t^.     Kxl^  ^Ok^St^ 
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exclasiveness  wonld  deprive  hb  of  mncli  nsefnl  Bcrvice,  and  aerioQaly  ^ 
interfere  with  the  representative  character  in  which  onr  t^trcugtb 
lies.  I  thiok  we  ought  to  be  in  tonch  with  the  whole  world  of  science 
in  the  cotintrj,  and  conatitute  a  microcosm  answering  to  that  mm 
coBm.  Those  who  are  in  favour  of  making  a  change  observe  that  the 
limit  of  fifteen  waB  fixed  nearly  forty  years  ago;  that  the  number 
of  thoae  who  occupy  themselves  seriously  with  acienco  and  attain  & 
position  which  would  nndoabtedly  have  brought  them  into  thfl 
Society  at  that  time,  has  increased  and  is  constantly  increasing  ;  and 
that  it  is  undesirable  that  we  sho'nld  be  compelled  to  leave  out  of  our 
body,  year  after  year,  persons  whom  we  should  be  very  glad  to  see  in 
it.  On  the  other  hand,  it  is  to  be  recollected  that  a  change  once  made 
can  hardly  be  revoked,  and  that,  in  view  of  the  importance  of  snch  ft 
step,  the  Society  irill  do  well  to  make  sure  of  the  consequences  before 

I  have  tbought  it  desirable  to  raise  the  qnestton,  not  for  the  purpose 
of  suggesting  any  immediate  action— for  my  personal  opinion  is  that, 
Rt  present,  no  change  is  desirable — but  in  order  that  the  attention  of 
the  Fellows  may  be  directed  to  a  matter  which  I  think  is  sure  b> 
come  before  them  in  a  practical  shape  before  many  Anniversaries  go 
by.  And,  whenever  that  time  arrives,  I'think  another  problem  may 
possibly  offer  itself  for  solution.  Since  this  Society  was  founded, 
English-speaking  communities  have  been  planted  and  are  increasing 
and  multiplying  in  all  qnarters  of  the  globe — to  nse  a. naturalist's 
phraae,  their  geographical  distribution  is  "  world  wide."  Wherever 
these  commnnitiea  have  had  time  to  develop,  the  instinct  which  led 
onr  forefathers  to  come  together  for  the  promotion  of  natural  know- 
ledge has  worked  in  them  and  produced  moat  notable  results.  The 
quantity  and  quality  of  the  scientific  work  now  being  done  in  the 
United  States  moves  us  all  to  hearty  admiration ;  the  Dominion  of 
Canada,  and  our  colonies  in  South  Africa,  New  Zealand  and  Australia, 
show  that  they  do  not  mean  to  be  left  behind  in  the  race ;  and  the 
scientific  activity  of  onr  countrymen  in  India  needs  no  comment. 

Whatever  may  be  the  practicability  of  political  federation  for  raorfl 
or  fewer  of  the  rapidly  growing  English-speaking  peoples  of  the  globe, 
some  sort  of  scientific  federation  should  surely  be  possible.  Nothing  is 
baser  than  scientific  Chauvinism,  but  etill  blood  is  thicker  than  water; 
and  I  have  oft«n  ventured  to  dream  that  the  B,oyal  Society  might 
associate  itself  in  some  special  way  with  all  English -speaking  men  of 
science  ;  that  it  might  recognise  their  work  in  other  ways  than  by  the 
rare  opportunities  at  present  offered  by  election  to  onr  foreign  Fellow- 
ship, or  by  the  award  of  thoae  medals  which  are  open  to  everybody; 
and  withont  imposing  upon  them  the  responsibilities  of  the  ordinary 
Fellowabip,  while  they  most  needs  be  deprived  of  a  large  part  of  ita 
privilege.     Sow  far  this  asplTation  ol  mma  to*^  W  reciprocated  by 
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our  scientific  brethren  in  the  United  States  and  in  our  Colonies  I  do 
not  know  :  I  make  it  public,  on  my  own  responsibility,  for  your  and 
their  consideration. 

I  am  anxious  to  call  the  attention  of  the  Fellows  to  an  alteration  in 
our  rules,  in  virtue  of  which  it  is  hoped  that  the  valuable  library  of 
the  Society  will  be  made  more  extensively  useful  to  them  by  being 
accessible  up  to  a  later  hour  than  heretofore,  and  by  better  provision 
for  the  comfort  and  convenience  of  those  who  desire  to  read  or  write 
in  the  Society's  rooms. 

The  funds  of  the  Society  have  been  augmented  in  various  ways 
daring  the  past  year. 

A  few  weeks  ago,  our  distinguished  colleague  Sir  William  Armstrong 
wrote  to  me  proposing  to  make  a  very  handsome,  indeed,  I  may  say, 
munificent  contribution  to  our  finances.  The  precise  form  which  the 
gift  should  take  was  left  open  to  discussion,  and  it  was  only  at  the 
meeting  of  Council  to-day  that  the  matter  was  finally  settled  by  the 
letter  addressed  to  me,  on  behalf  of  Sir  W.  Armstrong,  by  Captain 
Noble,  which  I  proceed  to  read  to  the  Society  :— 

"Referring  to  the  communicaiions  which  have  passed  between 
yourself  and  Sir  W.  Armstrong  with  regard  to  a  proposed  gift  by 
Sir  William  to  the  Society,  I  have  had  some  discussion  with  Sir 
W.  Ai*mstrong  as  to  the  form  which  his  proposed  donation  should 
take. 

"  Sir  W.  Armstrong  is  very  anxious  that  the  Scientific  Relief  Fund 
Trust  should  be  raised  from  £7,600,  the  amount  at  which  I  think  it 
now  stands,  to  £20,000,  and  he  has  authorised  me  to  say  that  if  the 
Fellows,  with  the  assistance  if  necessary  of  other  friends  of  science 
outside  of  the  Society,  see  their  way  to  raise  £6,500,  he  will  himself 
give  a  second  £6,500,  thus  making  up  the  desired  sum. 

*'  The  only  condition,  or  rather  request,  that  he  makes  in  connexion 
with  this  gift  is  that,  in  the  event  of  any  Fellow  being  in  such  circum- 
stances as  to  make  the  payment  of  his  subscription  burdensome  to 
him,  the  Council  for  the  time  being  will  order  the  payment  of  such 
subscription  out  of  the  income  arising  from  the  Relief  Fund." 

The  President  and  Council  have  accepted  Sir  William  Armstrong's 
generous  gift,  and  have  offered  him  their  hearty  thanks  for  it ;  they 
have  already  been  promised  contributions  by  other  Fellows  of  the 
Society,  and  they  trust  that  there  will  be  no  difficulty  in  making  up 
the  sum  required. 

The  value  of  the  fee  for  the  Croonian  Lecture  has  been  increased 
from  £2  18«.  9c?.  to  about  £50  a-year,  by  the  falling  in  of  certain 

Allusion  was  made  in  the  Treasurer's   Addre^^  \QfiX»  ^^"^"c  V.^  ^^ 
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Darwin  Memorial.  I  am  happy  to  bat  that  Mr.  Boehtn's  admirabla 
BtFituB  was  formally  and  pnblinly  accepUid  by  H.R.H.  the  Prinec  ol 
Wales,  on  hehalf  of  the  Trustees  of  the  BritiBh  Mnsenni,  last 
Buratner,  and  now  adorns  the  entrance  hall  of  the  Natural  History 
Mttseum  at  Sonth  Kensington.  The  balance  of  the  sum  raised, 
amonntinR  to  £2,000,  ha«  been  handed  over  to  the  Royal  Society,  and 
the  iuterest  thereof  will  be  employed  under  the  name  of  the  "  Darwin 
Fund  for  the  Promotion  of  Biological  Research  "  in  any  way  the 
PreBident  and  Council  may  think  fit.  I  sincerely  trust  that  this  fund 
may  lie  increased  from  time  (o  time,  as  the  Donation  Fund,  founded 
by  Dr.  Wollaston,  haa  been;  and  that  ita  beneficent  inflnence  on  the 
progress  of  biological  science  may  thus  keep  green  the  memory  of  tlie 
great  man  whono  name  it  bearB,  in  the  way  which,  asaiiredly,  would 
have  been  moat  agreeable  to  himself. 

I  am  sore  that  I  may  expresB  your  acknowledgmputs  to  Mr.  James 
Bndgett  for  the  repetition  of  bis  libeml  donation  of  £100  in  aid  of  the 
cost  of  publication  of  Professor  Parker's  important  and  elaborato 
monogiapha  on  the  vertebrate  alcnll,  one  of  which  occupies  a  whole 
part  nf  tlie  Tmnsactinns,  and  is  illustrated  by  311  quarto  plates. 

We  are  indebted  to  the  subscribers  to  the  Henry  Smith  Memorial 
for  the  marble  replica  of  the  bust  by  Mr.  Boehm  of  that  eminent 
mathematician  and  most  accomplished  scholar,  which  now  ornaments 
our  library.  The  Fine  Art  Society  haa  presented  Mr.  Flameng's  etching 
of  the  portrait  of  your  President,  painted  by  the  Hon.  John  Collier, 

Among  the  preaenta  to  the  Libraiy,  I  may  particularly  mention  the 
second  volume  of  Professor  G.  Ret^ius'  valuable  and  splendidly 
illustrated  work  "  Das  Gehor-organ  der  Wirbelthiere " ;  and  "  Lea 
Habitants  de  Surinam."  by  the  Prince  Roland  Bonaparte,  by  their 
respective  authors ;  and  four  volumes  of  the  "  Challenger  "  Report, 
by  Cer  Majesty's  Stationery  OfBce. 

Five  numbers  of  the  "  Proceedings "  (about  880  pages)  have 
appeared  since  the  last  Anniversary.  Only  one  part  of  the  Philoso- 
phical Transactions  has  been  as  yet  published ;  but  two  other  parts 
(Parts  I  and  II  for  1885)  are  passing  simultaneonsly  through  the  pr«Bs. 

The  possibility  of  devising  means  by  which  papers  read  before  na 
mRy  be  published  more  rapidly,  has  seriously  engaged  the  attention 
of  the  Officers  of  the  Society,  and  I  trust  that,  before  long,  the 
Council  may  have  some  well- conceived  plan  for  achieving  that  end 
brought  under  their  consideration.  While  all  will  agree  in  deprecating 
unnecessary  retardation,  it  must  be  remembered  that  a  certain  delay  ia 
absolutely  necessary,  if  the  Committee  of  Papers  is  to  discharge  with 
due  care  ita  important  function  of  arriving  at  a  sound  judgment, 
a/ter  considering  the  opinions  of  responsible  specialists  on  the  merits 
of  each  paper  submitted  to  it.    In  fia\At«.ivce,  I  do  not  think  that  we 
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can  hope  to  better  onr  present  arrangements ;  all  that  can  be  asked  is 
that  they  shonld  be  improyed  in  some  details,  and  more  especially 
that  the  time  which  necessarily  intervenes  between  presentation  and 
publication  shonld  be  minimised. 

The  preparation  of  copy  for  the  Catalogue  of  Scientific  Papers^ 
decade  1874 — 85,  now  approaches  completion.  A  total  of  290  series 
have  been  indexed,  giving  85,000  title  slips,  written,  checked,  and 
distributed.  This  number,  which  is  within  10,000  of  that  contained 
in  the  two  volumes  of  the  preceding  decade,  nearly  exhausts  the 
material  in  our  own  library;  it  i^emains  to  supplement  this  by 
reference  to  other  libraries. 

At  the  meeting  on  the  18th  of  June  last,  our  Fellow,  Professor 
Roy,  communicated  to  the  Council  the  project  entertained  by  himself, 
Dr.  Oraham  Brown,  of  Edinburgh,  and  Mr.  Sherington  (G.  H. 
Lewes  Student,  Cambridge),  of  proceeding  to  Spain  with  a  view  of 
investigating  the  nature  of  cholera,  and  requested  the  assistance  of 
the  Royal  Society. 

In  view  of  the  great  practical  importance  of  such  an  investigation, 
and  the  desii-ableness  of  making  a  new  attempt  to  solve  a  problem 
about  which  highly  competent  inquirers  have  arrived  at  contra- 
dictory results,  the  Pi'esident  and  Council  resolved  to  do  everything 
which  lay  in  their  power  to  assist  Dr.  Roy  and  his  colleagues. 
The  Secretary  was  instructed  to  inquire  of  the  Spanish  Minister 
whether  the  proposed  investigations  would  be  agreeable  to  the  Spanish 
authorities,  and  whether  Dr.  Roy  might  expect  to  obtain  facilities  and 
assistance.  On  the  receipt  of  a  courteous  and  sympathetic  letter 
from  his  Excellency,  the  Secretary  was  further  instructed  to  inform 
the  Foreign  Office  of  Dr.  Roy*s  expedition,  and  to  request  that  Her 
Majesty^s  Government  would  afford  him  and  his  colleagues  all  the 
assistance  in  their  power.  Moreover,  £150  was  granted  from  the 
Donation  Fund  in  aid  of  the  expenses  of  the  undertaking,  which 
were  shared  between  the  Royal  Society  and  the  Society  for  the 
Advancement  of  Medicine  by  Research. 

I  am  sure  the  Fellows  of  the  Society  will  join  with  me  in  con- 
gratulating Dr.  Roy,  Dr.  Brown,  and  Mr.  Sherington  on  having 
returned  safe  and  sound  from  an  adventure  in  which  the  interest  of 
scientific  inquiry  must  have  been  heightened  by  a  considerable  spice 
of  personal  danger.  Dr.  Roy  has  furnished  me  with  a  brief  pre- 
liminary report  of  the  work  done,  the  substance  of  which  1  proceed 
to  lay  before  the  Society. 

The  members  of  the  Commission  met  with  very  serious  difficulties 
in  their  attempts  to  study  the  pathology  of  cholera  in  Spain,  where 
they  spent  three  months  ;  but  owing  to  the  powerful  support  wh\A\v 
was  given  them  by  the  English  Embassy  iiv  IJLa/d^^  V>Cke^  ^^t^ 
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able  eventaally  to  pursue  their  studies  in  a  satiafactorj  i 
At  Aranjuez  auii  Madrid  they  obtained  fi-ee  access  to  the  clio]er» 
hcwpitals,  and  made  nearly  thirty  autopsies  of  typical  oholera  cases 
within  very  short  periods  after  death,  Fi-om  all  of  these  <;asea 
they  were  able  to  oblain  material  for  caltivation  and  thos  to  make 
ft  large  series  of  investigations  ou  the  different  forms  of  micro- 
organisms  whiuh  ai'e  found  in  the  tienues  and  intestinal  contents  of 
cholera  cases.  Owing,  however,  to  the  impossibility  of  oblaining 
Hnimals  for  inocniatiou,  and  reagents  of  varioQS  kinds,  tbey  were 
unable  to  complete  tbeir  inquiry  in  Spain,  and  they  were  obliged  to 
leave  the  investigation 8  o£  certain  points  nntil  their  return  to 
England.  They  have  dii-ected  their  attention  chiefly  to  the  relation 
which  the  comma  bacillus,  first  described  by  Koch,  bears  to  the 
cholera  process,  and  they  hope  to  be  able  to  malce  important  addi- 
tions  to  our  knowledge  of  tins  important  subject.  They  are  at 
present  engaged  in  completing  tbeir  work,  and  in  the  courao  of  a 
few  weeks  they  hope  to  be  able  to  present  their  report  to  the  Royal 
Society. 

The  Marine  Biological  Asaociation,  to  the  fands  of  which  the 
Royal  Society  made  a  Buhstaotial  contribution  last  year,  is  making 
good  progress.  A  site  for  building  has  been  granted  by  the  War 
Office,  at  Plymoath ;  plans  have  been  prepared,  and  if  the  Treasury 
will  follow  the  precedent  which  it  has  so  largely  and  beneficially 
adopted  in  edacational  matters,  of  helping  those  who  help  them- 
selves,  aa  I  am  glad  to  say  my  Lords  aeem  inclined  to  do,  I  trust  that, 
before  long,  the  laboratory  will  be  in  working  order. 

The  prosecution  of  the  borings  in  the  Delta  of  the  Nile,  to  which 
reference  has  been  made  on  previous  Anniversaries,  have  unfortunately 
been  hindered  by  varions  obstacles.  Quite  recently  I  have  been 
favonred  by  Colonel  H.  Maitland,  B.E.,  with  an  accoant  of  the 
borings  made  near  Boaetta,  in  which  a  depth  of  153  feet  was  reached 
without  apparently  attaining  the  bottom  of  the  flnviatile  deposits  j 
and  I  hope  that  circumstances  may  shortly  permit  the  resumption  of 
the  original  project  of  carrying  a  line  of  borings  across  the  Valley  of 
the  Nile  on  the  parallel  of  Tantah  or  thereabouts. 

In  the  meanwhile  the  Committee  in  charge  of  the  investigation 
has  presented  a  report  by  Professor  Judd  on  the  results  of  the  exami- 
nation of  the  borings  formerly  made.  1  have  been  favoured  by 
Professor  Judd  with  the  following  brief  summary  of  these  results, 
which  have  been  fnlly  set  forth  in  a  paper  read  at  the  first  meeting 
of  the  Society  after  the  recess. 

Although  two  of  the  recent  borings  in  the  Nile  Delta  have  attained 
depths  of  73  and  84  feet  respectively,  yet  neither  of  them  has  reached 
tbe  rocky  Boor  of  the  old  Nile  Vallej,  not,  m4«ed,  have  they  afforded 
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any  indications  of  an  approach  to  the  solid  rock.  The  samples  of 
the  Delta  deposits  obtained  by  these  boring  operations  are  found  to 
be  iu  all  cases  mixtures,  in  varying  proportions,  of  Nile  mud,  or 
material  cairied  in  suspension  by  the  river  and  desert  sand,  or  parti- 
cles swept  in  from  the  surrounding  districts  by  the  action  of  winds. 
The  study  of  these  materials  by  the  aid  of  the  microscope  has 
revealed  a  number  of  facts  which  may  be  made  the  basis  of  generali- 
sations of  considerable  interest  to  geologists. 

The  minerals  present  in  these  sands  and  muds  are  found  to  be  such 
as  characterise  the  granitic,  and  highly  crystalline  metamorphic  rocks ; 
there  can  be  litle  doubt,  therefore,  that  the  vast  regions  included 
within  the  Nile  basin  are  in  the  main  composed  of  rocks  belonging  to 
those  classes,  or  of  sedimentary  deposits  derived  directly  from  them. 

Of  still  greater  interest  is  the  fact  thtit  the  fragments  of  felspars 
and  other  complex  silicates  in  the  T)6lta  deposits  exhibit  but  slight 
evidence  of  kaolinisation  or  other  chemicdl  change.  This  points  to 
the  conclusion  that,  in  the  rainless  districts  drained  by  the  Nile,  the 
disintegration  of  rocks  is  effected  by  medhanical  rather  than  by 
chemical  agencies.  A  very  striking  confirmation  of  this  conclusion 
is  afforded  by  the  study  of  the  composition  of  the  waters  of  the 
Nile,  our  knowledge  of  which  has  been  greatly  advanced  by  the  recent 
researches  of  Dr.  CM.  Tidy.  In  spite  of  the  circumstances  that  the 
waters  of  the  Nile  must  undergo  great  concentration  during  its 
passage  of  1,400  miles  through  regions  of  exceptional  heat  and 
drought,  it  is  found  that  those  waters  actually  hold  in  solution  little 
more  than  one-half  the  percentage  of  mineral  matter  which  is  present 
in  the  river  waters  of  temperate  and  rainy  regions.  The  chemical 
disintegration  of  rocks  being  so  largely  due  to  the  action  of  rain  and 
vegetation,  it  is  not  surprising  to  find  that  where  these  agencies  are 
almost  entirely  absent  the  rocks  exhibit  but  few  signs  of  chemical 
change. 

The  Krakatoa  Committee,  which  is  now  rather  a  large  one,  con- 
sisting of  thirteen  members,  has  been  steadily  at  work  during  the 
year ;  and  the  discussion  of  the  very  varied  and  large  mass  of  data 
has  been  undertaken  by  sub-committees,  dealing  respectively  with 
the  following  branches : — 

Geological — including  eruption  and  earthquake  phenomena,  and 
the  geological  features  of  the  distribution  of  dust  and  pumice. 

Meteorological  (A) — including  air  waves,  sounds,  and  the  geo- 
graphical distribution  of  dust  and  pumice. 

Meteorological  (B) — including  twilight  effects,  coi*onal  appear- 
ances, cloud  haze,  coloured  sun,  moon,  <fec. 

Magnetic  and  electric  phenomena. 

Tidal  waves. 
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With  the  csceptioo  of  the  IttBt-namoil  Sab- Committee,  viz.,  that    I 
npoa  Tidal  Waves,  of  which  the  work  has  been  delayed  by  the  illneM 
of  Sir  F.  Evans,  all  the  reports  are  now  in  a  forward  state,  and  there 
seems  to  be  every  prospect  of  the  woi-k  being  concluded  in  the  coarse 
'of  a  very  few  months. 

The  qnestion  of  the  proper  administration  of  the  fnnda  adminis- 
tered on  behalf  of  the  Government  by  the  representatives  of  tho 
Royal  Society  and  of  other  scieotifio  bodies,  who  constitnte  the 
Government  Grant  Committee,  haa  frequently  been  debated  with 
,mnch  care  by  the  President  and  Council,  who  are  held  responsible  for 
the  final  aasignment  of  the  grant  by  the  Government. 

On  the  20th  of  May  last  the  Coancil  determined,  once  again,  to 
devote  special  attention  to  the  subject,  and  on  the  25th  Jane  the 
minutes  will  inform  you  that  the  following  resolutions  were  passed  : — 

"  That  in  every  case  of  renewed  application  for  a  personal  grant, 
after  such  grant  haa  been  received  by  the  applicant  in  two  consecotive 
yearn,  the  iipplicatiiin  be  made  not  less  than  three  months  before  it  is 
to  be  considered,  accompanied  by  a  full  statement  of  the  case  from 
the  applicant,  and  that  before  being  presented  to  the  Committee,  it  be 
referred  by  the  Council  to  two  referees,  who  shall  report  to  thn 
Coancil  on  its  merits." 

"That  the  Secretaries  be  instructed  to  return  to  the  applicants  for 
aid  from  the  Government  Grant  such  applications  as  do  not  in  all 
particnlars  comply  with  the  conditions  laid  down  in  the  circular  to 
applicants," 

It  is  very  desirable  that  our  intention  to  enforce  the  latter  resolu- 
tion strictly  shonld  be  widely  promulgated.  I  may  add  that  we  have 
considerable  reason  to  complain  that  too  freqaently  those  who  have  ob- 
tained grants  through  the  Committee  make  no  report  of  the  work  done 
to  the  Society,  but  leave  information  on  that  head  to  reach  us  as  it 
may  through  the  pnblications  in  which  the  results  obtained  by  the 
grantees  are  made  known. 

Nineteen  large  royal  quarto  volumes  of  the  Official  Reports  on  the 
Scientific  Results  of  the  "Challenger  "  Expedition  have  now  been  issued 
from  the  press.  These  contain  thirty-seven  zoological,  three  botanical, 
and  eight  physical  and  chemical  reports,  together  with  the  narrative 
of  the  voyage,  which  contains  the  general  scientific  results  of  the 
expedition.  Six  more  volumes  are  now  passing  through  the  press,  a 
considerable  part  of  each  being  already  printed  off.  The  work  con- 
nected with  the  remaining  memoirs  is  in  a  forward  state.  The  whole 
ol  the  investigations  and  the  manuscript  will  be  completed  daring  the 
next  Sn^ndal  jear,  and  in  the  coaiae  of  the  year  1887  the  whole  of 
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th6  tteports  will  be  pnblislied,  and  the  work  oonneoted  with  the  expe- 
dition brought  to  a  close. 

In  the  Treasurer's  address  last  year  the  Society  was  fully  informed 
of  the  action  taken  by  the  President  and  Council  in  the  matter  of 
the  position  of  this  country  with  respect  to  the  international  "  Bureau 
des  Poids  et  Mesures."  I  am  happy  to  be  able  to  report  to  the  Society 
that,  last  December,  we  received  a  letter  from  the  Treasury,  stating  that 
my  Lords  had  asked  the  Secretary  of  State  to  instruct  the  British 
Ambassador  at  Paris  to  make  known  to  the  Comity  International  des 
Poids  et  Mesures  that  Her  Majesty's  Government  were  willing  to 
join  the  Convention  on  the  terms  described  in  our  Secretary's  letter 
of  the  I8th  August,  1884,  and  that  the  proposal  had  been  accepted. 

Your  President  is,  ex  officio,  Chairman  of  the  Board  of  Visitors  of 
the  Boyal  Observatory.  As  such,  it  was  my  duty  to  preside  at  a 
recent  meeting  of  that  body,  when  my  colleagues  agreed  to  recom* 
mend  the  adoption  of  a  day,  commencing  at  midnight,  in  all  observa- 
tories and  in  the  Nautical  Almanac,  from  and  after  the  commence- 
ment of  the  year  1891. 

Much  to  my  regret,  I  have  been  unable  to  take  part  in  the  work  of 
the  City  and  Guilds  Institute  during  the  past  year ;  but  I  have  reason 
to  know  that  considerable  progress  has  been  made  towards  the 
attainment  of  its  object — the  advancement  of  technical  education  in 
London  and  in  the  provinces.  The  Finsbury  Technical  College  is 
fulfilling  its  purpose  in  the  most  satisfactory  manner,  and  its  day  and 
evening  classes  are  so  numerously  attended  that  an  extension  of  the 
building  is  under  consideration.  About  250  technical  classes  in 
different  parts  of  the  kingdom  are  now  affiliated  to  the  Institute,  and 
some  of  them  are  already  developing  into  efficient  technical  schools. 
The  assistance  which  the  Institute  is  enabled  to  afford  to  these  classes 
is  restricted  by  want  of  means ;  but  there  can  be  no  doubt  that  far 
larger  opportunities  of  obtaining  evening  instruction  in  the  appli- 
cation of  the  different  branches  of  science  to  industry  are  afforded 
to  the  artisans  of  London  now  than  was  the  case  even  four  or  five 
years  ago. 

Large  additions  have  been  made  to  the  equipment  of  the  Central 
Institution  at  South  Kensington.  The  engineering  laboratory  and 
the  extensive  chemical  and  physical  laboratories  are  organised,  and 
the  systematic  instruction  of  students  has  commenced.  Scholarships 
of  the  value  of  £30  a-year,  tenable  for  three  years,  have  been  offered 
to  and  accepted  by  the  Governors  of  a  number  of  public  and  other 
schools.  These  scholarships  are  to  be  awarded  by  the  head  master 
(not  necessarily  on  the  result  of  a  competitive  examination)  to  any 
pupil  who  is  competent  to  pass  the  entrance  ex^iKLYnsAAoti  <A  ^'^ 
Central  Institntion, 
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The  City  and  Guilds  Inetitnte  is  ttie  ontcome  of  the  perception  rf 
the  Becessity  for  technical  edncation,  in  the  interesfa  of  indostiy,  by 
the  wealthiest  city  and  the  wealthiest  guilds  in  the  world ;  it  may, 
therefore,  aeem  singular  that  the  chief  obstacle  to  tho  proper 
deTelopment  of  tho  important  schools  which  it  has  founded  is 
poverty.  Such,  however,  I  understand  to  be  the  case.  The  Central 
Institution  reqaires  an  assured  income  of  at  least  £15,000  a-year  if 
it  is  to  work  properly;  but  the  joint  resources  of  the  City  and  Guilds 
of  London,  at  present,  appear  to  be  able  to  afford  it  only  a  precarious, 
annually- voted,  subsidy  of  £9,000  a-year — far  less,  that  ia  to  say,  than 
the  private  income  of  scores  of  individual  Londoners.  In  Germany, 
a  similar  institution  would  demand  and  receive  £20,000  a-year  as  a 
matter  of  course ;  but  Englishmen  are  famous  for  that  wfaich  a 
perplexed  Chancellor  of  the  Exchequer  (I  think  it  was)  once  called 
their  "  ignorant  impatience  of  taxation,"  and  there  ia  no  occasion 
on  which  they  so  readily  display  that  form  of  impatienco  as 
when  they  are  asked  for  money  for  education,  especially  scientific 
edncation.  I  am  bound  to  add,  however,  that  my  experience  on  the 
Council  mid  Comraittres  of  the  Institute  has  left  no  doubt  on  my 
mind  that  my  colleagues  have  every  desire  to  carry  ont  the  work  they 
have  commenced  thoroughly;  and  that  the  money  difficulty  will  dis- 
appear along  with  certain  other  difficulties  which,  I  am  disposed  to 
think,  need  never  have  arisen. 

Such  are  the  chief  matters  of  business,  if  I  may  so  call  them, 
irhich  it  is  proper  for  me,  in  my  Presidential  capacity,  to  bring  before 
the  Society.  Bat  it  has  been  not  unusual,  of  late  years,  for  the  occn- 
pant  of  the  Chair  to  offer  some  observations  of  a  wider  bearing  for 
the  consideration  of  the  Society ;  and  I  am  the  more  tempted  to 
trespass  upon  yonr  patience  for  this  purpose,  ns  it  is  the  last 
occasion  on  which  I  shall  be  able  to  ase,  or  abase,  the  President's 
privileges. 

So  far  as  my  own  observations,  with  respect  to  some  parts  of  the 
field  of  natural  knowledge,  and  common  report,  with  respect  to  others, 
enable  me  to  form  an  opinion,  the  past  year  exhibits  no  slackening  ia 
the  accelerated  speed  with  which  the  physical  sciences  have  been 
growing,  alike  in  extent  and  in  depth,  during  several  decades.  We  are 
now  so  accustomed  to  this  "  onhasting  but  nnreeting "  march  of 
physical  investigation ;  it  has  become  so  much  a  part  of  the  customary 
course  of  events,  that,  with  every  day,  I  might  almost  say  with  every 
hour,  something  should  be  added  to  our  store  of  information 
respecting  the  constitution  of  nature,  some  new  insight  into  the  order 
of  the  cosmos  should  be  gained,  that  yon  would  probably  listen  with 
incredulity  to  tmj  acconnt  of  the  year's  work  which  could  not  be 
Bunimfd  np  in  this  commonplnce  ot  Pte8\iftnl\».\  addresses. 
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Kor  shall  I  be  charged  with  innovation  if  I  add  that  there  is  no 
reason  to  suspect  that  the  fnture  will  bring  with  it  any  retardation  in 
the  advance  of  science.  The  adverse  influences,  which,  in  the  middle 
ages,  arrested  the  work  commenced  bj  the  older  Greek  philosophers, 
are  so  much  weakened  that  they  no  longer  offer  any  serious  obstacle  to 
the  growth  of  natural  knowledge ;  while  they  are  powerless  to  prevent 
the  extension  of  scientific  methods  of  inquiry  and  the  application  of 
scientific  conceptions  to  all  the  problems  with  which  the  human  mind 
is  confronted.  If  any  prophecy  is  safe  of  fulfilment,  it  is  that,  in  the 
twentieth  century,  the  influence  of  these  methods  and  conceptions 
will  be  incomparably  greater  than  it  is  now;  and  that  the  inter-> 
penetration  of  science  with  the  common  affairs  of  life,  which  is  so 
marked  a  feature  of  our  time,  will  be  immeasurably  closer.  For  good 
or  for  evil,  we  have  passed  into  a  new  epooh  of  human  history — the 
age  of  science. 

It  may  seem  saperfluous  thatl  should  adduce  evidence  in  support  of 
propositions  which  must  have  so  much  of  the  natune  of  truisms  to 
you  who  are  sharers  in  the  work  of*  science  and  daily  witnesses  of  the 
effects  of  its  productive  energy.  But  the  proverbial  tendency  of 
familiarity  to  be  incompatible  with  due  respect  is  noticeable  even  in 
our  appreciation  of  the  most  important  truths,  and  our  strongest  con- 
victions need  furbishing  up  now  and  then,  if  they  are  to  retain  their 
proper  influence.  I  certainly  cannot  accuse  myself  of  ever  having 
consciously  entertained  a  low  estimate  of  the  past  work  or  the  future 
progress  of  science ;  but,  a  few  months  ago,  enforced  leisure  and  the 
attainment  of  an  age  when  retrospection  tends  t#  become  a  habit,  not 
to  say  a  foible,  led  me  to  look  at  the  facts  anew  ;  and  I  must  confess 
that  the  spectacle  of  the  marvellous  development  of  science,  alike  in 
theory  and  practice,  within  my  own  life-time,  appeared  to  me  to 
justify  a  faith,  even  more  robust  than  mine,  in  its  future  greatness. 

For,  if  I  do  not  greatly  err,  the  greater  part  of  the  vast  body  of 
knowledge  which  constitutes  the  modem  sciences  of  physics,  chemistry, 
biology,  and  geology  has  been  acquired,  and  the  widest  generalisations 
therefrom  have  been  deduced,  within  the  last  sixty  years ;  and  fur- 
thermore, the  majority  of  those  applications  to  scientific  knowledge  to 
practical  ends,  which  have  brought  about  the  most  striking  differences 
between  our  present  civilisation  and  that  of  antiquity,  have  been 
made  within  that  period  of  time. 

To  begin  with  the  latter  point — the  practical  achievements  of 
science.  The  first  railway  for  locomotives,  which  was  constructed 
between  Stockton  and  Darlington,  was  opened  in  September,  1825,  so 
that  I  have  the  doubtful  advantage  of  about  four  months'  seniority 
over  the  ancestral  representative  of  the  vast  reticulated  fetching  and 
carrying  or^ranism  which  now  extends  its  meshes  over  the  civilised 
world.     I  confess  it  fills  mo  with  astonishment  to  V\nxk\L\\^\»  ^^  N^\m.^ 
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when  no  man  could  travel  fflBter  tlmn  horses  conld  transport  him, 
when  onr  means  of  locomotion  wore  no  hotter  than  those  of  Achillea 
or  of  Ramses  Slaimun,  Ilea  Trithin  my  memory.  The  electric  tele- 
gi-nph,  as  a  thing'  for  practical  use,  is  far  my  junior.  So  are  arms 
of  precision,  nnless  the  old  rifle  be  regarded  as  such.  A^u,  the 
application  to  hygiene  and  to  the  medical  and  surgical  treatment  of 
men  and  animals,  of  onr  knowledge  of  the  phenomena  of  parasitism, 
and  the  very  discoreiy  of  the  trne  order  of  thesp  phenomena,  i§  a 
long  way  within  the  compass  of  my  personal  knowledgyi'. 

It  is  unnecessary  for  me  to  enumerate  more  than  these  four  of  the 
many  rich  gifts  made  hy  science  to  mankind  daring  the  last  sisty 
years.  Arresting  the  survey  here,  T  wonlJ  a.ik  if  there  is  any  coiTe- 
sponding  period  in  previoua  history  which  can  take  credit  for  so  many 
momentous  applications  of  scientific  knowledge  to  the  wants  of 
mankind  ?  Depreciators  of  the  value  of  nataral  knowledge  are  wont 
to  speak  somewhat  Bcornfnlly  of  these  and  snch-like  benefactions  as 
mere  additions  to  material  welfare.  I  mast  own  to  the  weakness  of 
helieving  that  material  welfare  is  highly  desirable  hi  iiaelf,  and  I 
have  yet  to  meet  witli  the  mnn  who  prefers  material  illfnre.  Bnt 
even  if  this  should  be,  as  some  may  say,  painful  evidence  of  the 
materialistic  tendencies  incidental  to  scientifio  pnrBuita,  it  is  surely 
possible,  without  ranch  ingenuity,  or  any  prejudice  in  favour  of  one 
or  other  view  of  the  mutual  relations  of  material  and  spiritual 
phenomena,  to  show  that  each  of  these  four  applicatious  of  science 
has  exerted  &  prodigious  influence  on  the  moral,  social,  and  political 
relations  of  mankind,  and  that  such  inflneuce  can  only  increase  aa 
time  goes  on. 

If  tho  senseless  antipathies,  bom  of  isolation,  which  formerly 
converted  neighbonrs,  whether  they  belonged  to  adjacent  families 
or  to  adjacent  nations,  into  natural  enemies,  are  dying  away,  im- 
proved means  of  commnnication  deserve  the  chief  credit  of  the  change ; 
if  war  becomes  less  frequent,  it  will  be  chiefly  because  its  horrors  are 
being  intensified  beyond  bearing  by  the  close  interdependence  and 
commnnity  of  interest  thus  established  between  nations,  no  less  than 
by  the  improvement  of  the  means  of  destraction  hy  scientific  inveh. 
tion.  Arms  of  precision  have  taken  the  mastery  of  the  world  out 
of  the  hands  of  brute  force,  and  given  it  into  those  of  industry  and 
intelligence.  If  railways  and  electrio  telegraphs  have  rendered  it 
unnecessary  that  modem  empires  should  full  to  pieces  by  their  own 
weight  as  ancient  empires  did,  arms  of  precision  have  provided  against 
the  possibility  of  their  being  swept  away  by  barbarous  invasions. 
Health  means  not  merely  wealth,  not  merely  bodily  welfare,  bat 
intellectual  and  moral  soundness  ;  and  I  doubt  if,  since  the  time  of 
the  father  of  medicine,  any  discovery  has  contributed  so  mnch  to  the 
promotion  oi  iiealtb  and  the  cure  of  diaewe  as  that  of  the  part  played 
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bj  fungoid  parasites  in  the  animal  economy,  and  that  of  the  means 
of  checking  them,  even  though,  as  yet,  nnfortxinatelj,  it  be  onlj  in  a 
few  cases. 

But  though  these  practical  results  of  scientific  work,  during  only 
two  generations,  are  calculated  to  impress  the  imagination,  the 
Fellows  of  this  Society  know  well  enough  that  they  are  of  vastly  less 
real  importance  than  the  additions  which  have  been  made  to  fact 
and  theory  and  serviceable  hypothesis  in  the  region  of  pure  science. 
But  it  is  exactly  in  these  respects  that  the  record  of  the  past  half 
century  is  so  exceptionally  brilliant.  It  is  sometimes  said  that  our 
time  is  a  day  of  small  things — in  science  it  has  been  a  day  of  the 
greatest  things,  for,  within  this  time,  falls  the  establishment,  on  a 
safe  basis,  of  the  greatest  of  all  the  generalisations  of  science,  the 
doctrines  of  the  Conservation  of  Energy  and  of  Evolution. 

As  for  work  of  less  wide  scope,  I  speak  in  the  hearing  of  those 
who  can  correct  me  if  I  am  wrong,  when  I  say  that  the  larger  moiety 
of  our  present  knowledge  of  light,  heat,  electricity,  and  magnetism, 
has  been  acquired  within  the  time  to  which  I  refer;  and  that  our 
present  chemistry  has  been  in  great  part  created,  while  the  whole 
science  has  been  remodelled  from  foundation  to  roof.  It  may  be 
natural  that  progress  should  appear  most  striking  to  me  among 
those  sciences  to  which  my  own  attention  has  been  directed,  but  I 
do  not  think  this  will  wholly  account  for  the  apparent  advance  **  by 
leaps  and  bounds  "  of  the  biological  sciences  within  my  recollection. 
The  cell  theory  was  the  latest  novelty  when  I  began  to  work  with 
the  microscope,  and  I  have  watched  the  building  of  the  whole  vast 
fabric  of  histology ;  I  can  say  almost  as  much  of  embryology,  since 
Von  Baer's  great  work  was  published  in  1828.  Our  knowledge 
of  the  morphology  of  the  lower  animals  and  plants,  and  a  great  deal 
of  that  of  the  higher  forms,  has  very  largely  been  obtained  in  my 
time ;  while  physiology  has  been  put  upon  a  totally  new  foundation 
and,  as  it  were  reconstructed,  by  the  thorough  application  of  the 
experimental  method  to  the  study  of  the  phenomena  of  life,  and  by 
the  accurate  determination  of  the  purely  physical  and  chemical  com- 
ponents of  these  phenomena.  The  exact  nature  of  the  processes  of 
sexual  and  nonsexual  reproduction  has  been  brought  to  light.  Our 
knowledge  of  geographical  and  geological  distribution,  and  of  the 
extinct  forms  of  life,  has  been  increased  a  hundredfold.  As  for  the 
progress  of  geological  science,  what  more  need  be  said  than  that  the 
first  volume  of  LyelFs  "  Principles  "  bears  the  date  of  1830  P 

This  brief  enumeration  of  the  salient  achievements  of  science  in 
the  course  of  the  last  sixty  years  is  sufficient  not  only  to  justify 
what  I  have  said  respecting  their  absolute  value,  but  to  show  how. 
much  it  excels,  both  in  quantity  and  quality,  the  work  produced 
in  any  corresponding  period  since  the  revival  ol  acv^neie.    \\»  ^^x.^gi^'eX*^^ 
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OS  I  have  Bnid,  that  (icience  is  advancing  and  will  uontiuae  to  advance 
with  accelerated  velocity. 

It  seems  to  nie,  in  fact,  not  only  that  this  is  bo,  bnt  that  there  are 
olivious  reasons  why  it  mast  be  BO.  In  the  first  place,  the  inteiv 
dependence  of  all  the  phenomena  of  nature  is  such  that  a  seemingly 
nnimportaot  discovery  in  one  field  of  investigation  may  react  in  the 
most  wonderful  manner  upon  those  which  are  most  widely  remote  from 
it.  The  investments  of  science  bear  compound  interest.  Who  coald  have 
imagined  that  a  curious  inquiry  into  the  relations  of  electricity  with 
magnetism  would  lead  to  the  conatrnction  of  the  most  delicate  inatra- 
mcnts  for  investigating  the  phenomena  of  heat ;  to  means  of  measuring 
not  only  the  smallest  intervals  of  time,  bnt  the  greatest  depths  of  the 
ocean ;  to  methods  of  exploring  some  of  the  most  hidden  secrets  of  life  ? 
What  an  enormons  revolution  would  be  made  in  biology,  if  physics 
or  chemistry  could  supply  the  physiologist  with  a  means  of  making 
out  the  molecular  strnctnro  of  liviug  tiasuea  comparable  to  that  which 
the  spectroscope  affords  to  the  inquirer  into  the  nature  of  the  heavenly 
bodies.  At  the  present  moment  the  constitnents  of  onr  own  bodies 
are  more  i-emnte  from  our  ken  tliau  those  of  Sirins,  in  this  respect. 
In  the  next  place,  the  vast  practical  importance  of  the  applications 
of  scientific  knowledge  has  created  a  growing  demand  for  technical 
edacation  based  upon  science.  If  this  is  to  be  effective,  it  means  the 
extension  of  scientific  teaching  to  all  classes  of  the  community,  and 
the  encouragement  and  assistance  of  those  who  are  fit  for  the  work  of 
scientific  investigation  to  adopt  that  calling.  Lastly,  the  attraction  of 
the  purely  intellectual  aspects  of  science  and  the  rapid  growth  of  a 
sense  of  the  necessity  of  some  knowledge  of  the  phenomena  of  nature, 
and  some  discipline  in  scientific  methods  of  inquiry,  to  every  one  who 
aspires  to  take  part  in,  or  even  to  understand,  the  tendencies  of 
modem  thought,  have  conferred  a  new  status  upon  science  in  the 
seats  of  learning,  no  less  than  in  public  estimation. 

Once  more  reverting  to  reminiscence,  the  present  state  of  scientific 
education  surely  presents  a  marvellons  and  a  most  satisfactory  con* 
traat  to  the  time,  well  within  my  memory,  when  no  eystematio 
practical  instruction  in  any  branch  of  experimental  or  observational 
science,  except  anatomy,  was  to  be  had  in  this  country ;  and  when 
there  was  no  such  thing  as  a  physical,  chemical,  biological,  or  geolo- 
gical laboratory  open  to  the  students  of  any  University,*  or  to  the 
pupils  of  any  school,  in  the  three  kingdoms.  Nor  was  there  any 
University  which  recognised  science  as  a  faculty,  nor  a  school,  public 

*  Tbii  ■(AtnneDt  has  b«en  obaUenged,  bo  fsr  u  obenuBti7  ii  concerned,  on  behilf 
of  the  UniTereity  of  Edinburgh  i  but  Sir  Ljon  -PUffMr  informs  me  th»t,  st  tb« 
0  vhich  I  refer,  the  practical  iDBtruction  did  not  go  bejoad  "  mere  teiting 
' (T,H.H.    Dec.  10, 1885.) 


or  private,  in  which  scientific  instruction  was  represented  by  much 
more  than  the  occasional  visit  of  a  vagrant  orrery. 

At  the  present  moment,  any  one  who  desires  to  obtain  a  thorough 
scientific  training  has  a  choice  among  a  dozen  institutions;  and 
elementary  scientific  instruction  is,  so  to  speak,  brought  to  the  doors  of 
the  poorer  classes.  If  the  rich  are  debarred  from  like  advantages  it  is 
their  own  affair ;  but  even  the  most  careful  public  school  education 
does  not  now  wholly  exclude  the  knowledge  that  there  is  such  a  thing 
as  science  from  the  mind  of  a  young  English  gentleman.  If  science 
is  not  allowed  a  fair  share  of  the  children's  bread,  it  is  at  any  rate 
permitted  to  pick  up  the  crumbs  which  fall  from  the  time-table,  and 
that  is  a  great  deal  more  than  I  once  hoped  to  see  in  my  lifetime. 

I  have  followed  precedent  in  leading  you  to  the  point  at  which  it 
might  be  fair,  as  it  certainly  would  be  customary,  to  end  by  congrata- 
lating  you,  as  Fellows  of  the  Royal  Society,  on  the  past  progress  and 
the  future  prospects  of  the  work  which,  for  two  centuries,  it  has  been 
the  aim  of  the  Society  to  forward.  But  it  will  perhaps  be  more 
profitable  to  consider  that  which  remains  to  be  done  for  the  advance- 
ment of  science,  than  to  '' rest  and  be  thankful"  in  the  contemplation 
of  that  which  has  been  done. 

In  all  human  affairs  the  irony  of  fate  plays  a  part,  and  in  the  midst 
of  our  greatest  satisfactions,  ''  surgit  amari  aliquid.*'  I  should  have 
been  disposed  to  account  for  the  particular  drop  of  bitterness  to  which 
I  am  about  to  refer,  by  the  sexagenarian  state  of  mind,  were  it  not  that 
I  find  the  same  complaint  in  the  mouths  of  the  young  and  vigorous. 
Of  late  years,  it  has  struck  me,  with  constantly  increasing  force,  that 
those  who  have  toiled  for  the  advancement  of  science  are  in  a  fair 
way  of  being  overwhelmed  by  the  realisation  of  their  wishes.  We 
are  in  the  case  of  Tarpeia,  who  opened  the  gates  of  the  Roman  citadel 
to  the  Sabines,  and  was  crushed  under  the  weight  of  the  reward 
bestowed  upon  her.  It  has  become  impossible  for  any  man  to  keep 
pace  with  the  progress  of  the  whole  of  any  important  branch  of  science. 
If  he  were  to  attempt  to  do  so  his  mental  faculties  would  be  crushed 
by  the  multitude  of  journals  and  of  voluminous  monographs  which  a 
too  fertile  press  casts  upon  him.  This  was  not  the  case  in  my  young 
days.  A  diligent  reader  might  then  keep  fairly  informed  of  all  that 
was  going  on,  without  robbing  himself  of  leisure  for  original  work, 
and  without  demoralising  his  faculties  by  the  accumulation  of  unas- 
similated  information.  It  looks  as  if  the  scientific,  like  other  revolu- 
tions, meant  to  devour  its  own  children ;  as  if  the  growth  of  science 
tended  to  overwhelm  its  votaries ;  as  if  the  man  of  science  of  the 
future  were  condemned  to  diminish  into  a  narrower  and  narrower 
specialist,  as  time  goes  on. 

I  am  happy  to  say  that  I  do  not  think  ajrj  ^xx^  c»X;d&\>\Q»'^^  ^ 
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necessary  conseqoeBOe  of  the  growth  of  sciencu;  bat  I  do  think  it  is 
a  teuduLcy  to  be  feared,  and  an  evil  to  bo  nioBt  carefnJIy  provided 
against.  Tho  man  who  works  awaj  at  one  corner  of  nature,  shutting 
hie  eyes  to  all  tho  rest,  diminishes  his  chances  of  seeing  what  is  to 
be  seen  in  that  corner ;  for,  as  I   need  hardly  remind  my  present 

'  hearers,  that  which  the  inveetigator  perceives  depends  mnch  more  on 
that  which  lies  behind  his  sense  organs  than  on  the  object  in  front  of 
them. 

It  appears  to  me  that  the  only  defence  against  this  tendency  to 

I  the  degeneration  of  scientific  workers,  liea  in  the  organisation  and 
extension  of  scientific  edacation,  in  snch  a  manner  as  to  secnre 
breadth  of  calture  withoat  superficiality  ;  and,  on.  the  other  hand, 
depth  and  precision  of  knowledge,  without  narrowness. 

I  think  it  is  qnite  possible  to  meet  these  requirements.  There  is  no 
reason,  in  tho  natnre  of  things,  why  the  student  who  is  destined  for  a 
scientific  career  should  not,  in  the  first  place,  go  through  a  course  of 
instruction  such  as  would  ensure  him  a  real,  that  is  to  say,  a  practical 
Bcqnaintanco  with  the  elements  of  each  of  the  great  divisions  of  mathe- 
maticH.1  and  physiciil  science ;  nor  why  this  instmntion  in  what  fif  I  may 
borrow  a  phrase  from  medicine)  I  may  call  the  institutes  of  science, 
should  not  be  followed  up  by  more  special  instmction,  covering  the 
whole  field  of  that  particular  division  in  which  the  student  eventually 
proposes  to  become  a  specialist.  I  say  not  only  that  there  is  no 
reason  why  this  shoald  not  be  done,  bnt,  on  the  gronnd  of  practi- 
cal experience,  I  venture  to  add  that  there  is  no  difficulty  in  doing 
it.  Some  thirty  years  ago,  my  colleagues  and  1  framed  a  scheme 
of  instruction  on  the  linos  just  indicated,  for  the  students  of  the 
institution  which  has  grown  into  what  is  now  known  as  the  Normal 
School  of  Science  and  Royal  School  of  Mines.  We  have  found  no 
obstacles  in  the  way  of  carrying  the  scheme  into  practice  except 
snch  as  arise,  partly,  from  the  limitations  of  time  forced  upon  ns  from 
without;  and,  partly,  from  the  extremely  defective  character  of 
ordinary  education.  With  respect  to  the  first  difficulty,  we  ought,  in 
my  judgment;,  to  bestow  at  least  fonr,  or  better,  five,  years  on  the 
work  which  has,  at  present,  to  be  got  through  in  three.  And,  as 
regards  the  second  difficulty,  we  are  hampered  not  only  by  the 
ignorance  of  even  the  rudiments  of  physical  science,  on  the  part  of 
the  students  who  come  to  ns  from  ordinary  schools,  and  by  their  very 
poor  mathematical  acquirementa,  bnt  by  the  miserable  character  of 
the  so-called  literary  training  which  they  have  undergone. 

Nothing  would  help  the  man  of  science  of  the  future  to  rise  to  the 
level  of  his  great  enterprise  more  effectually  than  certain  modifica- 
tions, on  the  one  hand,  of  primary  and  secondary  school  edncation, 
and,  on  the  other,  of  the  conditions  which  are  attached  by  the 
Pniversities  to  the  attainment  of  theix  dei;E«e&  and  their    rewards 
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As  I  Yentnred  to  remark  some  years  ago,  we  want  a  most  favoured 
nation  clause  inserted  in  onr  treaty  with  educators.  We  have  a 
right  to  claim  that  science  shall  be  pnt  upon  the  same  footing  as 
any  other  great  subject  of  instruction,  that  it  shall  have  an  equal 
share  in  the  schools,  an  equal  share  in  the  recognised  qualification 
for  degrees,  and  in  Uniyersity  honours  and  rewards.  It  must  be 
recognised  that  science,  as  intellectual  discipline,  is  at  least  as 
Taluable,  and,  as  knowledge,  is  at  least  as  important,  as  literature, 
and  that  the  scientific  student  must  no  longer  be  handicapped  by  a 
linguistic  (I  will  not  call  it  literary)  burden,  the  equivalent  of  which 
is  not  imposed  upon  his  classical  compeer. 

Let  me  repeat  that  I  say  this,  not  as  a  depreciator  of  literature,  but 
in  the  interests  of  literature.  The  reason  why  our  young  people  are 
so  often  scandalously  and  lamentably  deficient  in  literary  knowledge, 
and  still  more  in  the  feeling  and  the  desire  for  literary  excellence, 
lies  in  the  fact  that  they  have  been  withheld  from  a  trae  literary 
training  by  the  pretence  of  it,  which  too  often  passes  under  the  name 
of  classical  instruction.  Nothing  is  of  more  importance  to  the  man 
of  science  than  that  he  should  appreciate  the  value  of  style,  and  the 
literary  work  of  the  school  would  be  of  infinite  value  to  him  if  it  taught 
him  this  one  thing.  But  I  do  not  believe  that  this  is  to  be  done  by 
what  is  called  forming  oneself  on  classical  models,  or  that  the  advice 
to  give  one's  days  and  nights  to  the  study  of  any  great  writer,  is  of 
much  value.  "  Le  style  est  Thomme  m6me,"  as  a  man  of  science  who 
was  a  master  of  style  has  profotndly  said ;  and  aping  somebody  else 
does  not  help  one  to  express  oneself.  A  good  style  is  the  vivid 
expression  of  clear  thinking,  and  it  can  be  attained  only  by  those  who 
will  take  infinite  pains,  in  the  first  place,  to  purge  their  own  minds  of 
ignorance  and  half  knowledge,  and,  in  the  second,  to  clothe  their 
thoughts  in  the  words  which  will  most  fitly  convey  them  to  the  minds 
of  others.  I  can  conceive  no  greater  help  to  our  scientific  students 
than  that  they  should  bring  to  their  work  the  habit  of  mind  which  is 
implied  in  the  power  to  write  their  own  language  in  a  good  style. 
But  this  is  exactly  what  our  present  so-called  literary  education  so 
often  fails  to  confer,  even  on  those  who  have  enjoyed  its  fullest 
advantages  ;  while  the  ordinary  schoolboy  has  rarely  been  even  made 
aware  that  its  attainment  is  a  thing  to  be  desired. 

I  venture  to  lay  these  last  observations  before  yon,  because  we  have 
heard  a  good  deal  lately  of  schemes  for  the  remodelling  of  the  Univer- 
sity of  London,  which  has  done  so  much,  through  its  Faculties  of 
Science  and  Medicine,  to  promote  scientific  instruction.  As  a  member 
of  the  Senate  of  the  University  I  am  necessarily  greatly  interested 
in  such  projects,  and  I  greatly  regret  that  I  have  been  unable  to 
take  parib  in  the  recent  action  concerning  them.  This  is  not  the 
time  or  the  place  for  the  discussion  of  any  ot  l^ieH^  TpTO^^^^\svj^  tokk^ 
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of  my  hearers  nmst  be  as  warmly  intereBted  in  them  as  I  am  myself 
and  it  may  not  be  out  of  place  to  submit  two  qaestions  for  their 
aeriona  couaidemtion. 

la  the  interests  of  scienco,  will  any  change  be  satisfactory  which 
does  not  lighten  the  lingaistic  barden  at  present  imposed  on  students 
of  science  and  of  medicine  by  the  tnatricnlation  examinaiion  ? 

And  ai^in,  in  the  interests  of  science,  will  any  change  be  satis- 
factory which  does  not  convert  the  examining  nnivcraity  into  a  teaching 
university  P    And,  by  that  last  tei'Ki,  I  do  not  moan  a  mere  co-operative 
.     Bociety  of  i«acher-esaniinere,  bat  a  corporation  which  shall  embrace 
I     a  professoriate  charged  with  the  oicposition  and  the  advancemeut  of 

the  higher  forme  of  knowledge  in  all  its  branches. 
I  The  future  both  of  pnre  science  and  of  medicine  in  this  country 

is,  I  think,  greatly  interested  in  the  answer  which  Fellows  of  this 
Society,  aftei*  duo  meditation,  may  be  disposed  to  give  to  these 
questions. 

I  have  to  announce  an  unusually  large  nnmbei'  of  changes  in  the 
staff  ot  the  Society. 

Last  December  we  regretted  to  receive  the  resignation  of  Mr.  Walter 
White,  so  long  our  Assistant  Secretary,  whose  faithful  and  efficient 
services,  continued  for  more  than  forty  years,  are  well  known  to  all 
the  Fellows  of  the  Society.  The  minutes  of  the  Council  record  our 
appreciation  of  Mr.  White's  services,  and  our  endeavour  to  give  aa 
substantial  a  form  ae  possible  to  onr  hearty  recognition  of  his  deserts. 
The  vacancy  thus  caused  has  been  filled  up  by  the  appointment  of 
Mr,  Herbert  Biz,  whose  work  sinoe  he  has  held  the  office  of  clerk 
has  been  such  ae  to  justify  the  confidence  of  '*>"  officers,  not  only  that 
the  functions  hitherto  discharged  by  the  Assistant  Secretary  will  be  aa 
well  performed  as  heretofore  ;  but  that,  if  the  interests  of  the  Society 
should  demand  it,  we  may  throw  still  more  important  duties  upon  him. 
I  receive  the  most  favourable  reports  of  the  efficiency  of  Mr.  Jamee 
who  han  been  appointed  to  the  office  of  cterk  in  ]>Iace  of  Mr.  Rix. 

Notwithstanding  my  release  from  all  serious  work,  my  health 
remained  so  very  indifferent  for  some  months  after  my  return  to 
England,  that  I  felt  it  my  duty  to  the  Society  to  bring  the  question  of 
my  resignatiou  of  the  Presidency,  on  the  present  Anniversary,  before 
the  Council  which  met  on  the  20th  of  May.  My  colleagues  were  kind 
enough  to  wish  that  my  final  decision  should  be  deferred,  and  T  need 
hardly  say  how  willing  I  should  have  been  to  retain  my  honourable 
office,  if  I  could  have  done  so  with  due  regard  to  the  iuterests  of 
the  Society,  and  perhaps  I  may  add,  of  self-preservation. 

I  am  happy  to  say  that  I  have  good  reason  to  believe  that,  with 
proionged  rest — by  which  I  do  not  mean  idleness,  but  release  from 
diatraotioB  and  complete  freedom  from  those  lethal  agencies  which 
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are  commonly  known  as  the  pleasures  of  society — ^I  may  yet  regain 
so  much  strength  as  is  compatible  with  advancing  years.  But  in  order 
to  do  so,  I  most,  for  a  long  time  yet,  be  content  to  lead  a  more  or  less 
anchoritic  life.  Now  it  is  not  fitting  that  your  President  should 
bo  a  hermit,  and  it  becomes  me,  who  have  received  so  much  kindness 
and  consideration  from  the  Society,  to  be  particularly  careful  that  no 
sense  of  personal  gratification  should  delude  me  into  holding  the 
office  of  its  representative  one  moment  after  reason  and  conscience 
have  pointed  out  my  incapacity  to  discharge  the  serious  duties  which 
devolve  upon  the  President,  with  some  approach  to  efficiency. 

I  beg  leave,  therefore,  with  much  gratitude  for  the  crowning  honour 
of  my  life  which  you  have  conferred  upon  me,  to  be  permitted  fo 
vacate  the  chair  of  the  Society  as  soon  as  the  business  of  this  meeting 
is  at  an  end. 

As  I  am  of  opinion  that  it  is  very  undesirable  that  the  President 
should  even  seem  to  wish  to  exert  any  influence,  direct  or  indirect,  on 
the  action  of  the  Fellows  assembled  in  General  Meeting,  I  am  silent 
respecting  the  proposals  embodied  in  the  new  list  of  the  officers  of 
the  Society  which  my  colleagues  and  I  have  unanimously  agreed  to 
submit  for  your  consideration. 

The  President  then  proceeded  to  the  presentation  of  the  Medals : — 
The  Copley  Medal  is  awarded  to  Professor  August  Kekule  of 
Bonn,  whose  researches  in  organic  chemistry,  extended  over  the  last 
five-and-thirty  years,  have  been  fruitful  of  results  of  high  importance 
in  chemical  science.  The  great  work  of  Professor  Kekul6*s  life, 
that  which  has  raised  him  to  the  highest  rank  among  the  inves- 
tigators of  the  day,  is  his  general  theory  of  the  constitution  of 
carbon  compounds,  in  which  the  now  universally  accepted  conception 
of  the  constitution  of  those  compounds  was  first  clearly  and  definitely 
stated. 

A  development  of  the  fundamental  theory  led  Kekul6  to  the  dis- 
covery of  the  constitution  of  an  exceedingly  numerous  and  very  com- 
plex class  of  compounds,  which  he  has  named  the  aromatic  compounds, 
and  his  theory  of  the  constitution  of  the  aromatic  compounds  has 
suggested  and  guided  innumerable  investigations.  The  marvellous 
success  obtained  by  many  of  his  followers  and  pupils  in  building  up 
artificially  complex  substances  which  had  defied  the  efforts  of  all  pre- 
vious investigators,  afPords  tangible  evidence  that  Kekul6's  labours 
have  given  us  a  deeper  insight  into  the  order  of  nature. 

One  of  the  Royal  Medals  is  awarded  to  Professor  Hughes,  F.R.S., 
for  a  series  of  experimental  investigations  in  electricity  and  magnetism, 
which  are  remarkable  alike  for  ingenuity  of  contrivance,  for  the 
simplicity  of  the  apparatus  employed,  for  the  delicacy  of  the  indica- 
tions  aftordcd,   and  for  the  wide  applicability  ot  >ut^^  VxiAHtxy^xs^^ti^ 
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joTented  to  researchoB  other  than  those  for  which  they  were  origioally 
designed. 

The  microphone,  the  indnetion  balance,  and  the  sonometer,  are 
iuBtrumentB  by  which  inconceivably  minute  electrical  and  ma^etio 
disturbances  not  only  make  themselves  londly  andible,  but  may  be 
definitely  measured ;  and  their  application  has  opened  np  new  lines 
of  inquiry. 

The  otlier  Royal  Medal  is  awarded  to  ProfcHuor  E.  Rny  Lankos-ter, 
F.R.S.,  for  his  labours,  now  extending  over  more  than  twenty  years, 
in  the  field  of  animal  morpholofry  (especially  invertebrate  anatomy 
and  embryology)  and  of  palieontology. 

Professor  Lankesl^r  has  been  active  in  many  directions,  and  has 
everywhere  left  his  mark,  not  only  as  an  energetic  teacher  and  accurate 
worker  and  a  philosophical  thinker;  but  as  one  who,  in  times  when 
the  example  ia  more  than  ever  valuable,  has  always  been  carefnl  fo 
remember  that  speculation  should  be  the  servant  and  not  the 
master  of  the  biologist. 

The  Davy  Medal  is  awarded  to  Professor  Stas  of  Brussels. 

Professor  Stas'  great  researoh,  for  which  it  ia  proposed  that 
the  Davy  Medal  be  awarded  to  him,  is  that  on  atomic  weights. 
There  are  probably  no  researches  in  chemistry,  the  results  of 
which  appeal  so  little  to  the  imagination,  and  which  are  so  little 
applauded  as  those  on  atomic  weights,  yet  for  difBcnIty  and  import- 
ance they  are  hardly  surpassed  by  any.  The  determination  of  these 
fundamental  constants  of  chemtstiy  has  engaged  the  attention  of 
many  of  the  leading  chemists,  and,  before  the  time  of  M.  Stas* 
experiments,  an  immense  amount  of  careful  labonr  had  been  bestowed 
on  finding  methods  for  the  more  accurate  and  complete  purification 
of  the  compounds  employed  for  the  purpose. 

The  indefatigable  and  conscientious  care  which  1£.  Stas  has 
devoted  to  the  re- determination  of  a  certain  number  of  the  most 
important  atomic  weights,  and  the  marvellous  skill  with  which  he  baa 
overcome  the  various  diSBcnlties  which  successively  presented  them- 
selves, render  his  memoir  on  the  subject  one  of  the  most  remarkable 
and  valuable  of  chemical  monographs. 

T  regret  to  say  that  the  state  of  M.  Stas'  health  has  not  permitted 
him  to  be  with  us  to-day,  but  the  representative  of  his  Sovereign,  the 
King  of  the  Belgians,  in  this  country,  has  kindly  consented  to  receive 
the  medal  for  him. 

1£.  le  Baron  Solvyns,  I  request  your  Excellency  to  be  so  good  as 
to  receive  the  medal  awarded  to  M.  Stas ;  and  to  assure  him  of  the 
pleasure  which  it  gives  the  Royal  Society  to  show  their  sense  of  his 
high  merits,  by  asking  his  acceptance  of  this  memorial  of  his  illustrious 
nrsdeceaaor,  Humphry  Davy. 
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The  Statutes  relating  to  the  election  of  Council  and  Officers  were 
then  read,  and  Dr.  Gilbert  and  Mr.  Kempe  having  been,  with  the 
oonsent  of  the  Society,  nominated  Somtators,  the  Totes  of  the  Fellows 
present  were  taken,  and  the  following  were  declared  dnly  elected  as 
Council  and  Officers  for  the  ensuing  year : — 

TresidmU. — ^Professor  George  Gabriel  Stokes,  M.A.,  D.C.L.,  LL.D. 

TreoBurer, — John  Evans,  D.C.L.,  LL.D. 

.  f  Professor  Michael  Foster,  M.A.,  M.D. 

Secretanee.—  |  r^^^  j^^^^  Rayleigh,  M.A.,  D.C.L. 

Foreign  Secretary. — ^Professor  Alexander  William  Williamson,  LL.D. 

Other  Members  of  the  Council, 

Professor  Bobert  B.  Clifton,  M.A. ;  Professor  James  Dewar,  M.A. ; 
Professor  William  Henry  Flower,  LL.D. ;  Archibald  Geikie,  LL.D. ; 
Sir  Joseph  D.  Hooker,  K.C.S.I. ;  Professor  Thomas  Henry  Huxley, 
LL.D.;  Admiral  Sir  A.  Cooper  Key,  G.C.B.;  J.  Norman  Lockyer, 
I^.B.A.S. ;  Professor  Henry  N.  Moseley,  M.A. ;  Professor  Bartholomew 
Price,  M.A. ;  Professor  Pritchard,  F.B.A.S. ;  William  James  Russell, 
Ph.D. ;  Professor  J.  S.  Burdon  Sanderson,  LL.D. ;  Professor  Arthur 
Schuster,  Ph.D.;  Lieutenant- GFeneral  R.  Strachej,  R.E.,  C.S.I. ; 
General  James  Thomas  Walker,  C.B. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 

The  following  Table  shows  the  progress  and  present  state  of  the 
Society  with  respect  to  the  number  of  Fellows : — 
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Appropriation  of  ike  Governmetit  Grant.        [Nov,  30. 


Account  of  the  appropriation  of  the  sum  of  £4,000  (the  Govern- 
ment Grant)  annually  voted  by  Parliament  to  the  Royai 
Society,  to  be  employed  in  aiding  the  aiivaucetnent  of 
Science  (continued  from  Vol.  XXXVII,  p.  457). 

IB84-85. 

£ 

Dr.  D.  Gill,  for  reducing  and  discussing  aevoral  serice  of 
observation))  of  the  minor  planets  Victoria  and  Sappho,  for  the 
purpose  of  determining  the  Solar  parallai I'M) 

Council  of  tha  Royal  Aslrouomical  Society  (per  E.  B. 
Kuobel),  for  compttriaon  of  Gi-eonwich  Lunar  ObserTatious, 
1847-61,  with  Hansen's  "  Tables  de  la  Luno  " W) 

Dr.  D.  Gill,  for  aaaistance  and  chemicals  to  obtain  (1)  a 
Series  of  daily  photographs  of  the  Solar  Corona;  (i!)  Photo- 
graphic Star-maps  of  the  Sonthern  Heavens .TOO 

Prof.  J.  A.  Ewing,  towards  the  coustruetion  and  establishment 
of  Seismometers  at  the  Observatory  on  Ben  Nevis  200 

Prof.  W.  N.  Hartley,  for  Materials,  Apparatus,  and  ABsist- 
ance  for  continuing  his  investigatioDB  in  (1)  Spectrum  Photo- 
graphy, in  relation  to  New  Methods  of  Qnantitative  Chemical 
Analysis  ;  (2)  On  the  relation  between  the  Absorption  Spectra 
and  the  Molecular  Constitution  of  Organic  Compounds lOU 

H.  B.  Guppy,  for  the  exploration  of  the  Interior  of  the 
Islands  of  Guodalcanar  and  St.  Christoval  (Solomon's 
Group) l-W 

W.  H.  Caldwell,  for  further  aid  in  studying  the  development 
of  Ceratodus,  Monotreroata,  aud  Marsupials  in  Australia    ....        200 

Dr.  S.  J.  Hickson,  towards  the  expense  of  a  voyage  to  the 
Malay  Archipelago  with  a  view  to  certain  Anatomical  and 
Emhryological  Besearches 200 

Dr.  H.  Hicks,  for  the  expense  cf  Exploring  two  Bone 
Caverns,  situated  in  the  Carboniferous  Limestone  on  the  east 
Bide  of  the  Vale  of  Clwyd,  North  Wales 50 

J.  S.  Gardner,  for  continuing  Investigations  into  the 
Tertiary  Inter-basaltic  Floras  of  Ireland,   Scotland,  and  Ice- 

F.  R.  Japp,  for  a  study  of  the  Reactions  of  Quinones,  Di- 
ketones,  and  allied  compounds 75 

Henry  Bobinson,  for  continuation  of  Researches  on  the 
Atomic  Weights  of  the  Metals  of  the  Cerium  and  Tttrium 
Groups ^-0 

Carried  iOTward £l,82o 


1885.]  Appropriation  of  the  Government  Grant.  311 

Brought  forward £1,820 

N.  Collie,  for  completing  a  Research  on  the  Salts  of  Tetrethyl 
Phosphouiam , 20 

H.  Tomlinson,  for  continuation  of  his  Researches  on  the  In- 
flnence  of  Stress  and  Sbrain  on  the  Physical  Properties  of 
Matter 50 

H.  R.  Mill,  for  a  Research  on  the  Chemistry  of  Estuary 
Water 200 

Wilson  L.  Fox  (R.  Cornwall  Polytechnic  Society),  for  the 
purchase  of  a  Dip  Circle  and  a  IJnifilar  (£80),  and  famishing 
the  Unifilar  with  an  Altazimuth  (£20)  for  the  Falmouth  Ob- 
servatory.  , 100 

Prof.  P.  G.  Tait  and  A.  Buchan,  for  an  Investigation  into 
the  best  form  of  Apparatus  for  the  observation  of  the  actual 
Temperature  of  the  Air  apart  from  the  effects  of  the  Sun*s 
Rays,  and  other  circumstances,  on  the  Thermometers  used. ...  50 

Dr.  Gore,  for  expense-  (including  assistance)  of  an  Experi- 
mental Investigation  of  the  subject  of  "  Transfer-resistance  " 
in  Electrolytic  and  Voltaic  Cells 150 

J.  Kerr,  for  continuation  of  Optical  and  Electro-optical 
Researches 50 

R.  Milne  Murray,  for  continuation  of  his  Research  on  the 
Innervation  of  the  Uterus 50 

Rev.  A.  E.  Eaton,  to  defray  the  cost  of  Illustrations  of  a 
Revisional  Monograph  of  Terrestrial  Isopod  Crustacea   100 

Dr.  L.  C.  Wooldridge,  for  the  expense  of  Researches  on  the 
Physiology  and  Pathology  of  the  Blood £0 

H.  T.  Stainton,  in  aid  of  the  Publication  Fund  of  the 
Zoological  Record  Association 150 

Victor  Horsley,  for  a  Research  on  the  Functions  of  the 
Thyroid  Body 50 

J.  J.  Harris  Teale,  for  aid  in  the  Collection  of  Specimens 
and  Preparation  of  Sections  to  illustrate  a  work  on  Petro- 
graphy          60 

E.  A.  Schafer,  for  additional  assistance  in  Researches  into 
the  Physiology  of  the  Nervous  System   50 

R.  Kidston,  for  Investigations  in  the  Distribution  of  the 
Carboniferous  Fossil  Plants 40 

G.  C.  Bourne,  towards  the  expense  of  an  Expedition  to  the 
Chagos  Islands,  with  a  view  to  study  their  Fauna  and  Flora. .        100 

J.  T.  Cunningham,  for  continuation  of  a  Research  on  the 
Development  of  Marine  Teleostean  Fishes,  and  of  Myxine 
glutinosa 100 


Carried  forward ^-'^V^^^ 
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Brought  forward £3,090 

Spencer  U.  Pickering',  for  an  Investigation  on  Molecular 
Compounds 100 

0.  Masson  and  L.  Dobbin,  for  a  Research  on  the  Action  of 
the  Halogens  on  the  Salts  of  Organic  Bases 25 

W.  R.  Dunstan,  for  an  InFostigation  of  the  Chemical  and 
Physiolt^ical  Properties  of  tho  Glucoside  (Loganin)  which 
eiists  in  Strychnos  Nqi  Vomica 15 

C.  F.  Cross,  E.  J.  Bcvan,  and  C.  S.  S.  Webafer.  for  aid  in 
re -investigating  the  substance  Pheuuse  and  the  Chemistry  of 
Liquefaction     125 

Percy  F.  Frankland,  for  an  Assistant  in  a  Research  od  the 
Aftion  of  varioQB  Chem-icai  and  Mechanical  Agencies  npon 
the  Vitality  and  Distribution  of  Micro -organisma  in  Air  and 
Water 50 

W.    B.   Adeney,   for    determining    the   Wave-lengthe    and  , 
mapping    the   lines  of    the    Ultra-violet    Spark    Spectra    of 
Chromium  and  Manganese,  and  thoae  lines  of  iron  more  re- 
frangible than  wave-leugtli  214.IJ    50 

T.  Rupert  Jones,  for  continuing  Examination  of  the  Foaail 
Ostracoda    100 

PiTif.  W.  K.  Parker,  for  continuation  of  Researches  on  the 
Morphology  of  the  Vertebrata  . 300 

Walter  Gardiner,  for  Investigations  on  the  varioas  Pheno- 
mena in  connexion  with  Inseotivocoaa  Plants 100 

H.  6.  Baker,  for  Investigating  whether  the  Presence  of  a 
third  body  is  necessary  for  the  Combustion  of  Elementary 
Bodies  in  Oiygen 100 

£4,055 


Dr. 

£     I.    I 

To  Grant  from  Treasurj 4,000    0 

To  Repaymentfl    160    0 

To  iDterest  on  Depoiit 17    2 

To  Bal&nce    on  band,  Not.   30, 

IBtto SOI  12 


£4,46»  11  10 


Cr. 
£  (.  d. 
By  Balance,   Dec.   1, 

1834 3S8  19    6 

B;  Appropriotiani,  hi 

abo'e 4,036    0    0 

Frinting.  Foatage,  Ad- 

Tortieing.  and  other 

AdniiiiistratiTe  Ex- 

pensea 74  15    4 

£4,668  14  10 
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Account  of  Grants  from  the  Donation  Fund  in  1884-85. 

£    8,    d. 

Prof  J.  J.  Thomson,  for  Apparatus  to  make  qnanti- 
tative  experiments  in  the  decomposition  of  steam  under 
various  pressares  bj  'the  «ilent  electrical  discharge 25     0     0 

Dr.  Gaskefll  and  Mr.  Gadow,  to  further  assist  them  in 
their  auatoniicskl  and  physiological  Researches  on  Rep- 
tiles   30    0    0 

Dr.  Branton,  for  continaation  of  his  Researches  on  the 
connexion  between  Chemical  Constitation  and  Physio- 
logical Action 60    0    0 

A  Committee  of  the  Royal  Society,  for  further  aid  in 
photographing  the  Corona  of  the  San  and  carrying  out 
other  physical  .observations  at  high  elevation 36  14    2 

Prof.  Lankester,  in  aid  of  an  investigation  into  the  Fresh- 
water Fanna  of  England 50    0    0 

Mr.  Harvey  Gibson,  for  aid  in  the  prosecution  of  his 
Researches  into  the  Embryology  of  Patella  vulgata 20    0     0 

The  Marine  Biological  Association,  for  the  erection  of 
marine  laboratories  on  the  coast  of  Oreat  Britain 250    0     0 

Prof.  Schafer,  for  further  aid  in  his  Researches  into  the 
Physiology  of  the  Heart,  and  the  Electrical  Condition  of 
Secreting  Glands    20    0    0 

Dr.  Sclater,  to  secure  (the  services  of  Mr.  W.  H.  Hudson 
in  revising  and  preparing  for  publication  a  work  on  the 
Birds  of  the  Argentine  Republic 40    0    0 

The  Krakatoa  Committee^  for  further  Expenses  in 
collecting  and  classifying  notices  of  the  Volcanic  Out- 
borsts  in  the  Straits  of  Sunda 50    0    0 

Prof.  Roy,  for  aid  in  investigating  in  Spain  the  nature 
ofCholera    150    0    0 

Prof.  Judd,  for  aid  in  making  excavations  at  Cntties' 
Hillock  Quarry,  near  Elgin 12    0    0 

£733  14    2 
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The  operRtiona  of  The  Kew  Observatory,  in  the  Old  Deer  Park, 
Richmond,  Sorrey,  are  controlled  bj  the  KeW'  Committee,  which  is 
constitnted  as  follows : 

Mr.  WaiTen  de  la  Bue,  Ohairmatt. 


Captain    W.    de  W.   Abney, 

B.E. 
Prof.  W.  G.  Adams. 

Capt.  Sir  F.  Evans,  K.C.B. 
Prof.  G.  C.  Foster. 
Mr,  F.  Galton. 


Mr.  E.  Walker. 


Vice-Adm.  Sir  G.  H.  Richards, 

C.B.- 
The  Earl  of  Rosae. 
irr.  R.  H.  Scott. 
Lieut.- General  W.  J,  Smythe. 
Liuut-Gen.  R.  Strachej,  C.S.I. 


The  work  at  the  Observattuy  may  be  considered  under  the  fol- 
lowing heads: — 

lat.   Magnetic  observations. 

2nd.  Meteorological  observations. 

3rd.  Solar  obserrationH. 

4th.  Experimental,   in  connexion'  with  any  of  tb©  abore  depart- 

5tb.  Verification  of  instruments. 
6th.  Rating  of  Watches. 

7tb.  Miscellaneous. 


I.   MAONBTtC   ObsERTATWNS; 

The  Magnetographs  have  been  in  constant  operation  daring  the 
year,  and  in  accordance  with  the  usual  practice,  determinations  of 
the  scale  values  of  all  the  instrameats  were  made  early  in  January. 

As  regards  magnetic  disturbances,  no  very  exceptional  variations 
have  been  registered.     The  principal  perturbations  occnrred  on  the 
following  dftf«s;— November  2-3, 1884;  March  16-16.  May  13 and  27, 
and  Jnue  25-26,  1885. 
In  February  the  Kew  9-inch  T3ni&W  1lt».g^etometer  by  Jones  was 
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sent  to  Messrs.  Elliott  Brothers,  London,  for  the  purpose  of  having 
Mr.  Whipple's  arrangement  for  steadying  the  Collimator  Magnet 
fitted,  and  at  the  same  time  a  rack  and  pinion  adjustment  was 
altached  to  the  small  telescope  employed  in  viewing  the  collimator 
scale,  in  order  to  bring  the  scale  more  readily  into  focus. 

The  values  of  the  ordinates  of  the  different  photographic  curves 
determined  in  January  were  as  follows  : — 

Declination :  1  inch=0°  22'04.     1  cm.=0°  8'7. 

Bifilar,  January  13, 1885,  for  1  inch  aH=0-0268  foot  grain  unit. 

„   1  cm.    „   =00005  C.G.S.  unit. 
Balance,  January  14,1885  „   1  inch  oV= 0*0280  foot  grain  unit. 

„   1  cm.   „  =00005  C.G.S.  unit. 

Information  on  matters  relating  to  terrestrial  magnetism  and 
various  data  have  been  supplied  to  Dr.  Wild,  Professor  Mascart, 
Dr.  Van  der  Stok,  Mr.  R.  H.  Scott,  Professor  W.  G.  Adams,  Dr.  Rijcke- 
vorsel,  Pi*ofesflor  Biicker,  and  Dr.  Atkinson. 

The  monthly  observations  with  the  absolute  instruments  have  been 
made  as  usual,  and  the  results  are  given  in  the  tables  forming 
Appendix  I  of  this  Report. 

The  following  is  a  summary  of  the  number  of  magnetic  observations 
made  during  the  year : — 

Determinations  of  Horizontal  Intensity 34 

„  Inclination 127 


I) 


Absolute  Declination 53 


International  Polar  Commission. — The  magnetic  observations  made 
during  the  year  September,  1882,  to  August,  1883,  at  Fort  Rae,  North 
America,  by  the  expedition  under  Captain  Dawson,  R.A.,  have  been 
fully  reduced  and  prepared  for  publication,  on  the  plan  adopted  by 
the  International  Polar  Commission  at  their  Meeting  at  Vienna  in 
1884,  by  the  Observatory  stafE  during  extra  office  hours,  and  the 
work  is  at  present  passing  through  the  press.  The  readings  of  the 
Kew  Magnetographs  have  also  been  reduced  on  the  same  plan  at  the 
cost  of  the  Polar  Committee  of  the  Royal  Society,  and  copies 
forwarded  to  Dr.  H.  Wild,  President  of  the  Commission.  Special 
scales  were  constructed  for  the  tabulation  of  the  Kew  curves  on  the 
C.G.S.  system  by  Mr.  Baker,  the  magnetic  observer. 

Krakatoa  Eruption. — The  Krakatoa  Committee  of  the  Royal 
Society  having  entrusted  to  the  Kew  Committee  the  data  which 
they  have  collected  relating  to  electrical  and  magnotical  phenomena 
which  occurred  about  August  27,  1883,  the  date  of  the  eruption  of 
Krakatoa,  the  curves  of  the  magnetographs  oi  Wi^  Q\i^^T^^\*iTv^'?^  ^ 
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BataviEi,  Colibn,  Lisbon,  Manritina,  Melbourne,  Paris,  Stonybnrst, 
and  Zi-kii-wei  have  been  carefally  compared  with  each  other,  and  a 
report  thereon  will  shortly  be  anbmitted  to  the  Committoe. 

II.  Meteorological  Obbebvatioks. 

The  several  self-recording  instrnmenta  for  the  continuons  regjatm- 

tion  respectively  of  atmoapheric  preaanre,  temperature,  and  hnmidity, 

■wind  (direction  and  velocity),  bright  snnshine,  and  rain,  have  been 

maintained  in  regular  operation  throughout  tlia  year. 

In  February  the  barometer  tube  was  removed  for  a  short  time 
from  the  baro^rraph,  and  a  carefnily  divided  glass  scale  substituted  in 
ite  place,  which  was  theo  photographed  with  the  view  of  ro-deter- 
niining  the  scale  value  of  the  in.itroment,  and  also  of  measuring  the 
amount  of  distortion  the  curve  undergoes  by  shrinkage  of  the 
gelatinized  paper  during  the  photographic  oper^ttions,  to  which  it 
is  subjected,  subsequent  to  its  reception  of  the  luminous  image. 

In  September  the  action  of  the  ban^raph  was  observed  to  be  some- 
what slug^sh,  and  an  examination  of  the  instrnment  showed  an 
ob.-trneti'in  of  the  air-vent  in  the  cistern  due  to  an  accnmulntion  of 
dust.  This  WEB  removed,  and  there  has  since  been  no  want  of 
sensitivecess  on  the  part  of  the  barometer. 

The  standard  eye  observations  for  the  control  of  the  automatic 
records  have  been  duly  registered  during  the  year,  together  with  the 
daily  observations  in  connexion  with  the  U.S.  Signal  Service 
synchronous  syslem.  A  summary  of  these  obaervations  ia  given  ia 
Appendix  II. 

The  tabulation  of  the  meteorological  traces  has  been  regularly 
CArried  on,  and  copies  of  these,  as  well  as  of  the  eye  observations, 
with  notes  of  weather,  clond,  and  sunshine  have  been  transmitted 
as  usaal  to  the  Met«orological  Office. 

The  following  ie  a  summary  of  the  number  of  meteorological  obser- 
vations madp  during  the  past  year: — 

Readings  of  standard  barometer ]  750 

„  dry  and  wet  thermometers 3460 

„           maximum    and     minimum   thermo- 
meters             ?30 

„  radiation  thermometers    2825 

„  rain  gangea    730 

Clond  and  weather  observations  1825 

Measurements  of  barograph  curves 8760 

„  dry  bulb  thermograph  corves. .       9490 

„  wet  bnlb  thermograph  curves. .        8r60 

„  wind  (direction  and  velocity). .      I7o20 

„  rainfall  curves  680 

„  suuBhiite  tiacea 2079 
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In  compliance  with  a  request  made  hj  the  Meteorological  Council 
to  the  Committee,  Mr.  Whipple  visited  Falmooth  in  May  in  order  to 
Boperintend  the  removal  of  the  meteorological  instmments  from  the 
old  Ohservatorj  to  the  new  bnilding  recently  erected  near  that  town 
by  the  Royal  Cornwall  Polytechnic  Society ;  ho  has  since  inspected 
the  instrnments  at  the  Aberdeen,  Stouyhnrst,  and  Glasgow  Observa- 
tories, and  the  Anemographs  at  Yarmouth  and  Sandwick. 

Mr.  Baker  visited  the  Valencia  and  Falmouth  Observatories  for  the 
purpose  of  inspection  during  his  vacation. 

With  the  sanction  of  the  Meteorological  Council,  weekly  abstracts 
of  the  meteorological  results  have  been  regularly  forwarded  to,  and 
published  by  "The  Times"  and  "The  Torquay  Directory."  Data 
have  also  been  supplied  to  the  Council  of  the  Royal  Meteorological 
Society,  the  editor  of  "  Symous's  Monthly  Meteorological  Magazine," 
the  Secretary  of  the  Institute  of  Mining  Engineers,  Messrs.  Gwilliam, 
Rowland,  and  others.  The  cost  of  these  abstracts  is  borne  by  the 
recipients. 

Electrograph. — The  difficulty  of  maintaining  the  potential  of  the 
charge  of  this  instrument  constant,  mentioned  in  last  year's  Report, 
having  greatly  increased,  in  spite  of  all  measures  of  precaution  which 
were  taken,  the  Meteorological  Council  were  in  July  informed  of  its 
unsatisfactory  condition.  They  accordingly  gave  instructions  to 
discontinue  its  working,  and  it  is  intended  to  draw  up  a  report  on 
the  results  which  may  be  obtained  from  the  eleven  years*  curves  of 
variations  of  atmospheric  electricity  now  available  for  discussion. 

III.  Solar  Observations. 

The  sketches  of  Sun-spots,  as  seen  projected  on  the  photoheliograpli 
screen,  have  been  made  on  170  days,  in  order  to  continue  Schwabe*s 
enumeration,  the  results  being  given  in  Appendix  II,  Table  lY. 

Transit  Observations. — 320  observations  of  solar  and  102  of  sidereal 
transits  have  been  taken,  for  the  purpose  of  keeping  correct  local  time 
at  the  Observatory,  and  the  clocks  and  chronometers  have  also  been 
compared  daily.  The  Observatory  Chronometer,  Breguet  3140,  has 
been  cleaned  and  readjusted. 

The  following  clocks,  French,  Shelton  K.  0.,  and  Dent  2011,  and 
the  chronometers,  Molyneux  No.  2125,  and  Breguet  No.  3140,  are 
kept  carefully  rated  as  time-keepers  at  the  Observatory. 

rV.   EXPERIMJENTAL  WoRK. 

Photo-nephograph, — The  experiments  with  the  photo-nephographs 
having  proved  satisfactory,  and  a  report  to  that  effect  having  been 
presented  to  the  Meteorological  Council,  it  was  decided  vo.  ^^qlti^  \x^ 
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bike  frequent  pictnres  for  the  pnrpoBO  of  determining  the  rat«  of 
motion  of  clouds.  Accordingly  the  tciegmph  cable  tinitiag  the  two 
atatiouB  was  buried  iu  the  ground  (ppvniission  having  presiously  b 
granted  by  the  losBee  of  the  Old  Deer  Park),  and  the  stands  and 
electrical  fittings  were  made  6xture8. 

^  quantity  of  photographic  plat«»8,  prepared  in  accordance  with 
Captain  Abney'a  formula,  were  also  obtained  from  a  manufacturer, 
and  certain  arrangements  made  in  the  photographic  laboratory  of  the 
Observatory  for  their  convenient  iiiauipulation.  Blank  forma  for 
the  computation  of  the  cloud  positions  and  motions  were  also  drawn 
up  aud  printed. 

Between  July  6th,  when  the  installation  of  the  apparatus  was  com- 
pleted, and  the  date,  when  the  experiments  were  brought  to  a  close, 
in  accordance  with  the  instructions  of  the  Meteorological  Connci), 
168  cloud  negatives  were  obtained  on  23  days,  from  these  6'2  approxi- 
mate determi nations  of  the  rat«  and  direction  of  motion  of  clouds 
at  heights  varying  from  3,000  feet  to  .W,000  feet  liave  been  secured. 

A  detailed  report  of  the  work  is  being  drawn  up  for  presentation 
to  the  Meteorological  Cnniieil. 

Solar  Radiation  Thermometers. — The  Committee  have  made  a 
great  number  of  experiments  on  the  construction  and  exhaustion  of 
the  Kolar  radiation  thermometers,  and  the  Superintendent  is  engaged 
on  a  report  to  be  communicated  to  the  Royal  Society.  The  general 
result  would  indicate  that  solar  radiation  as  measured  by  the  h'ack 
bulb  thermometer  in  vacuo  has  hitherto  been  considerably  under- 
rated. 

Baily'a  Wind  Integrator. — This  instrument,  after  working  success- 
fully with  electrical  counters  for  some  time,  was  simplified  by  the 
inventor  by  the  substitution  of  mechanical  counters.  These  being 
found  to  work  satisfactorily,  Mr,  Baily  removed  the  instrument  in 
May  for  the  purpose  of  exhibiting  it  at  the  International  Inventions 
Exhibition. 

The  spare  Bectley  Anemograph  to  which  it  was  attached  has  been 
dismounted,  and  together  with  the  de  la  Rue  recorder  (see  report  for 
1S7V>)  has,  by  direction  of  the  Meteorological  Council,  been  forwarded 
to  Mr.  Munro  to  be  reconstructed  as  a  Becktey  recorder  of  the 
oriEinal  type. 

Electrical  Anfmograph. — The  Meteorological  Council  having  granted 
a  sum  of  money  for  experiment,  and  placed  at  the  disposal  of 
Jlr.  W.  Preece,  F.R.S,,  Superintendent  of  Telegraphs,  an  old 
Beckley  Anemograph  of  the  1858  model,  that  gentleman  had  it 
fitted  up  by  Mr.  Kompe,  of  the  Chief  Engineer's  Department, 
G.P.O.,  so  as  to  record  electrically,  and  it  was  erected  on  the  Experi- 
mental House  of  the  Observatory.  The  velocity  attachment  has 
worked  most  satisfactorily  for  the  ipast  avx  months,  neither  batteries 
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nor  connexions  having  needed  the  sliglitest  attention.  The  direction 
frear  has,  however,  occasionallj  required  readjustment  of  its  orienta- 
tion after  strong  winds  have  blown,  and  is  now  undergoing  alteration. 

Hand  Anemometers. — A  nnmber  of  these  instrnments,  intended  to 
show  the  velocity  of  the  wind  during  a  brief  period  of  observation, 
have  had  their  scale  values  determined  bj  direct  comparison  with  the 
Standard  Anemograph  of  the  Observatory. 

Bange-finders, — Facilities  have  been  afforded  to  Dr.  Bistori, 
F.R. A.S.,  by  the  employment  of  the  Cooke  apparatus,  for  the  purpose 
of  graduating  some  new  range-finders  invented  by  Mr.  Nordenfeldt, 
and  constructed  by  Mr.  Casella,  the  cost  of  the  experiments  being 
defrayed  by  the  inventor. 

V.  Verification  of  Instruments. 

The  following  magnetic  instruments  have  been  verified,  and  their 
constants  determined : — 

2    Unifilar  Magnetometers  and   an   Inclinometer   for  Elliott 

Brothers,  London. 
1  Unifilar  Magnetometer  with  two  Collimating  Magnets,  and 

an  Inclinometer  for  the  Admiralty,  London. 
1  small-pattern   Fox   Circle   for  the   Bureau,  of   Navigation, 

United   States  Government,  and  an  ordinary  Inclinometer 
'^    for  Dover,  Cbarlton. 

3  pairs  of  Inclinometer  Needles  have  been  purchased  on  commission 
and  verified  for  Dr.  Wild  and  the  Mauritius  Observatory. 

One  Unifilar  and  an  Inclinometer  are  at  present  undergoing 
examination  for  the  Falmouth  Observatory. 

The  total  number  of  other  instruments  tested  in  the  past  year  was 
as  follows : — 

Barometers,  Standard 54 

„  Marine  and  Station   98 

Aneroids  104 

Total 256 

Thermometers,  ordinary  Meteorological 1825 

„              Standard   143 

„              Mountain 13 

Clinical 8238 

„              Solar  radiation 49 

Total 10268 

TOL.   XXIIX.  '^ 
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Hyflromet*re 4fil 

Anemometers 11 

Raiu  Ganges 20 

Sextants 130 

Imlex  and  Horizob  GlaKBUs,  unmounlBa 74 

Dark  Glasses,  niimouuted   235 

I  Besides  these,  38  Deep-sea  Tliermometers  have  lieen  tested,  32  nf 
which  were  subjected,  in  the  hydraulio  press,  withont  injury,  to 
pressures  eiceeding  two  tons  on  the  square  inch.  5o  Thermometers 
have  been  compared  at  the  freezing-point  of  mercary,  making  a  tottJ 
of  10,361  for  the  year. 

[         Dupliciite  copies  of  corrections  have  been  supplied  in  43  cases. 

L        The    number    of  instruments    rejected    on   aceonnt  of    eicessivc 

I    error,   or   which  from  other  causes  did   not   record    with    sntficient 

I  accuracy,  was  as  follows ; — 

r  Thermometers,  clinical 52 

„  oitlinary  meteiii-o  logical 4 

Various 97 

3  Standard  Thermometers  have  also  been  calibrated,  and  snpplied 
to  pocieties  and  individuals  during  the  year. 

1  Evaporation  Gauge,  4  Thermograph  Thermometers,  1  Sunshine 
Recorder,  '2  Gauge  Barometers  for  comparing  Aneroids,  1  Electrical 
Anemometer,  and  1  Richard  Thermograph  were  also  tested. 

There  are  at  present  in  the  Observatory  undergoing  verification, 
2  Barometers,  222  Thermometers,  100  Hydrometers,  24  Sextants,"  and 
1  self-recording  Aneroid. 

Sealant  Tegtinri  Apparatus. — In  consequence  of  the  increasing 
nnmbcr  of  sextants  sent  to  the  Observatory  for  examination  it  was 
found  desirable  to  provide  a  special  accommodation  in  the  building 
for  the  work.  As  the  room  known  as  the  Pendulum  room  was 
nnoecnpied,  and  the  masonry  pier  fitted  up  in  it  as  a  support  for 
pendulum  apparatus  was  no  longer  required,  it  was  resolved  to 
convert  the  apartment  into  a  seitant  room,  and  accordingly  the  pier 
was  removed,  and  the  Cooke  testing  apparatus  dismounted  from  the 
South  Hall  and  re-erected  on  its  site.  Four  careful  redeterminations 
were  then  made  of  the  angles  between  the  collimators,  and  they 
were  found  to  have  been  unaffected  by  the  transfer  of  the  apparatus 
to  the  new  position. 

VI.  Rating  of  Watches. 

The  arrangements  for  rating  watches  mentioned  in  previous 
BepoFia  have  been  continued  during  the  year  with  great  success,  and 
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np  to  the  present  367  watches  have  been  tried,  of  which  39  were 
sabmifcted  by  the  owners,  and  328  by  the  manufacturers  or  dealers. 

The  302  watches  received  during  the  year  were  entered  for  testing 
in  the  following  classes : — 

For  class  A,  254 ;  class  B,  38  ;  and  class  C,  10.  Of  these  72  failed 
to  gain  any  certificate;  6  passed  in  C,  60  in  B,  110  in  A,  and  6 
others  obtained  the  highest  possible  form  of  certificate,  the  class  A 
especicUly  good, 

Owiog  to  numerous  requests  from  manufacturers  and  others,  a 
system  of  awarding  marks  to  class  A  watches,  indicating  the  degree 
of  relative  efficiency  exhibited  during  trial,  was  adopted;  being  based 
upon  plans  already  in  use  in  the  Geneva  and  Yale  Observatories. 
In  it  the  number  of  marks  awarded  to  a  watch  that  only  just  succeeds 
in  obtaining  an  A  certificate  is  0,  but  to  an  absolutely  perfect  watch 
would  be  100,  made  up  as  follows: — 40  for  a  complete  absence  of 
variation  of  daily  rate,  40  for  absolute  freedom  from  change  of  rate 
with  change  of  position,  and  20  for  perfect  compensation  for  effects 
of  alteration  of  temperature. 

As,  however,  the  trials  already  in  use  do  not  comprise  a  test  for  the 
going  of  travellers*  or  explorers'  watches,  experiments  are  in  progress 
with  a  view  of  constructing  apparatus  to  test  the  behaviour  of  watches 
when  kept  in  motion,  as  in  the  case  of  daily  wear  and  travelling,  in 
order  to  make  a  special  examination  on  this  point  for  watches  sub- 
mitted for  trial  by  the  Royal  Geographical  Society. 

A  series  of  tests  for  pocket  chronographs  has  also  been  introduced 
by  special  request  of  the  Cyclists'  Union. 

In  Appendix  III  will  be  found  a  table  giving  the  results  of  trial  of 
the  watches  which  have  gained  the  highest  certificates  in  each  class. 

The  following  table  will  indicate  the  nature  of  the  trials  to  which 
ordinary  certificates  refer : — 


Position  of  watch  during  test. 

For  certificate  of  Class 

A. 

B. 

C. 

Vertical,  with  nendant  uu 

10  days 
8    .. 
6    „ 

5  „ 

6  .. 
6    .. 
6    „ 
6    „ 

14  days 

'      ' 

14  days 

Iday 

1    „ 
1    „ 

8  days 
8  days 

)»          »          »»       right 

left 

>>                             ,1                             }|                    AV^W     .....     .... 

Horizontal,  with  dial  ud  ........... 

..             .•        ..   down .....  .... 

»»             II        II   ***'"" 

„         at  temp.  85°  F 

i»                »       86°  F 

Not  rated 

Total  duration  of  test 

45  days 

81  days 

16  days 

\ 

^«i. 
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VII.    MlSCKLLANBOUS. 


Photographic  Paper,  §r.— This  has  been  supplied  to  the  Observa- 
tories at  Altpore,  Coliba,  Ful month,  Ghiagow,  Muuritlus,  Stonj- 
Larst,  St.  Petersburg,  and  Toronto,  and  to  the  Meteorological  Office. 

History  of  the  Observatory.*^^  paper  giving  a  history  of  the  Kew 
Observatory  from  its  earliest  foaudation  down  to  the  present  date  hsa 
been  compiled  bj  Mr.  B.  H.  Scott,  a  member  of  the  Committee,  and 
printed  in  the  "  Pmc.  Roy.  Soc,"  vol.  xxxis,  p.  37. 

Z>oic»o'»  Gi/(.— The  Committee  are  indebted  to  Mr.  E.  T.  DowBon, 
F.R.  Met.  Soc.,  for  tbe  presealation  of  a  large  collection  of  weights 
and  meaeurea  formed  by  (he  late  Mr.  James  Yatea,  F.R.S.,  member 
of  the  Metnc  Committee  of  the  British  Association,  with  books 
and  pamphlotfl  bearing  on  the  Metric  System.  At  the  reqaest  of 
Mr.  H.  J.  Chancy,  Warden  of  the  Standards,  a  number  of  these 
works,  copies  of  which  were  not  to  be  found  in  the  Library  of  the 
Standards  Office,  wei-e  banded  over  by  the  Commiitee  to  that  Depart- 

The  Observatory  has  also  been  presented  by  the  Rev.  John  Rlgand, 
B.n.,  Fellow  of  Miigdiilen  CoMl'^'o,  Oxfoi'd,  will,  il  fnniied  sketch 
portrait  of  his  father,  Stephen  Peter  Rigaud,  Esq.,  M.A.,  F.R.S., 
Savilian  Professor  of  Astronomy  and  Radcliffe  Observer,  who,  in  the 
early  part  of  the  present  ceutnry,  during  the  Oxford  vacations,  was 
ill  the  habit  of  relieving  his  uncle,  the  Rev,  S.  Demaiubray,  of  hLs 
charge  as  "  The  King's  Observer  at  Kew," 

Exhibition. — A  number  of  instruments  of  interest  were  exhibited 
at  the  Sixth  Annual  Exhibition  of  the  Royal  Mcteoi-o logical  Society, 
which  was  devoted  to  sunshine  recorders  and  actinoKetry,  and  held  in 
the  rooms  of  the  Institution  of  Civil  Engineers  in  March  last. 

International  Inventions  Exhibition.. — The  Committee  have  exhibited 
in  Groups  27  and  29  at  this  Exhibition  articles  of  which  the  following 
is  the  description  as  given  in  the  Official  Catalogue  : — 

"  Forma  and  papers  illastrating  the  methods  employed  at  the  Kew 
Observatory,  Richmond,  in  examining,  rating,  and  certifying  as  to 
the  performance  of  watches,  pocket  chronometers  and  chronographs 
for  the  manufacturers  and  general  public." 

"(1.)  Photo- nephograph  or  Cloud-height  Measuring  Apparatus. 
(2.)  Apparatus  employed  in  the  examination  and  testing  of  sextants, 
quadrants,  theodolites,  i^.  (3.)  Specimens  of  certificates  awarded 
to  instruments,  and  general  information  relating  thereto." 

The  Jury  Commission  has  awarded  to  the  Committee  a,  Diploma  of 
Honoar  For  their  exhibits. 

The  Superintendent,  with  the  consent  of  the  Committee,  read  the 

•  This  paper  km  liaied  upon  a  sliort  note  on  the  History  of  the  Ob«ervat«rj, 
tubaiiUed  bf  ifr.  JUcLauglilin,  one  of  tbu  alaS,  to  a  local  tiociely  ia  Birhmoad. 
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following  papers  before  the  Aberdeen  Meeting  of  the  British  Associa- 
tion : — 

''On  the  Errors  of  first  class  Sextants,  as  determined  from  the 
Records  of  the  Verification  Department  at  the  Kew  Observatory ; " 
and  "On  the  Behaviour  of  first  class  Watches  whilst  undergoing 
Tests  in  the  Bating  Department  of  the  Kew  Observatory." 

At  the  request  of  the  Royal  Cornwall  Polytechnic  Society,  the  Kew 
Committee  have  undertaken  the  purchase  and  trial  of  a  set  of 
Magnetographs  now  in  course  of  construction  for  the  Falmouth 
Observatory,  on  a  new  plan,  the  designs  and  specification  for  which 
have  been  prepared  by  Mr.  Whipple,  as  the  Royal  Society  grant  was 
inadequate  to  provide  for  instruments  of  the  ordinary  Kew  pattern. 

By  the  kindness  of  Captain  Rung,  of  the  Meteorolo^cal  Institute, 
Copenhagen,  the  Superintendent  has  been  able  to  procure  two  spe- 
cimens of  his  apparatus  for  whirling  thermometers.  These,  with  the 
necessary  thermometers,  have  been  forwarded  to  Dr.  Doberck,  the 
Oovemment  Astronomer  at  Hong  Kong. 

Magnetic  Disturbances, — By  permission  of  the  Committee,  Mr.  W. 
Lant  Carpenter  has  visited  the  Observatory  for  the  purpose  of 
extracting  certain  magnetic  information  from  the  tabulations,  in  oi'der 
to  assist  Professor  Balfour  Stewart  in  his  investigations  on  Terrestrial 
Magnetism. 

Workshop. — The  machine  tools  procured  by  grants  from  the  Govern- 
ment Grant  Fund  or  the  Donation  Fund  for  the  use  of  the  Kew 
Observatory  have  been  kept  in  thorough  order.  In  consequence  of 
the  increased  number  of  clinical  thermometers  submitted  for  verifica- 
tion, a  new  specially  constructed  Galton  testing  apparatus  has  been 
purchased  at  a  cost  of  38Z.,  as  well  as  a  duplicate  Hall-markiug 
apparatus.  Accommodation  has  been  found  in  the  workshop  for  the 
assistants  engaged  in  the  new  department  specially  devoted  to  the 
examination  of  this  class  of  instruments. 

Library. — During  the  year  the  Library  has  received,  as  presents,  the 
publications  of — 

26  Scientific  Societies  and  Institutions  of  Great  Britain,  and 

78  Foreign  and  Colonial  Scientific  Societies  and  Institutions. 

House,  Grounds  J  and  Footpath. — These  have  all  been  kept  in  order 
during  the  year.  A  step  ladder  has  been  set  up  to  give  more  con- 
venient access  to  the  roof  of  the  Sun-room  for  the  purpose  of  testing 
Anemometers.  The  dome  has  also  been  lifted  and  its  fittings 
readjusted.  The  necessary  external  repairs  to  the  building,  as  well 
as  an  examination  and  cleaning  of  the  drains,  have  been  effected  by 
Her  Majesty's  Commissioners  of  Works. 

The  Committee  has  addressed  a  memorial  to  Her  Majesty's  Com- 
missioners  of  Woods  and  Forests,  through  the  President  and  Council 
of  the  Royal  Society,  with  the  object  oi  aecuniig  ix^^  ^%3a»»%<^  V^  *v>aRk 


E^24  Heport  of  the  Kev>  CommiCUe. 

. Observatory  ftt  all  lionra  through  the  yai-d  tenanted  by  the  lessee  of 
the  park  at  the  entrance  gat«8,  and  n^otiations  ai'e  in  progress  on 
the  aabject. 

Tlie  Committee  has  effected  an  insurance  of  the  contents  of  the 
Observatory  and  ootbuildiugs  against  loss  by  fii-e  in  the  Liverpool, 
Ijondon,  and  Globe  Firu  Icsarance  Company. 

Personal  Establish  mbkt. 
The  stiff  employed  is  as  follows  : — 

a.  M.  Whipple,  B.Sc,  Superintendent. 

T.  W.  Baker,  Cbiof  Assistant  and  Magnetic  Observer. 

H.  McLanghlin,  Librarian  and  AccountAnt. 

E.  G.  Constable,  Solar  Observations  and  Watch  Rating. 

W.  Hugo,  T 

J.  Foster,    Lyerification  Department. 
T.  Qanter,  f  ' 

W.  Boxall.  J 

E.  Dagwell. 

H.  A.  Widdowson. 

F.  Oliver. 

W.  C.  Gongh. 

E.  Bedding. 

M.  Baker,  Messenger  and  Care-taker. 

The  following  resignations  bavo  taken  place  daring  the  year:  — 
H.  Barton,  0.  Henley,  and  A.  Nish. 


I 
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APPENDIX  I. 


Magnetic  Observations  made  at  the  Kew  Observatory,  Lat.  51°  28'  6"  N, 
Long.  0*"  1"  16»1  W.yfor  the  year  October  ISSi,  to  September  1885. 

The  observations  of  Deflection  and  Vibration  given  in  the  annexed 
Tables  were  all  made  with  the  Collimator  Magnet  marked  K  G  1,  and 
the  Kew  9-inch  Unifilar  Magnetometer  by  Jones. 

The  Declination  observations  have  also  been  made  with  the  same 
Magnetometer,  Collimator  Magnets  101  B  and  N  E  being  employed  for 
the  purpose. 

The  Dip  observations  were  made  with  Dip-circle  Barrow  No.  33,  the 
needles  1  and  2  only  being  used ;  these  are  8^  inches  in  length. 

The  results  of  the  observations  of  Deflection  and  Vibration  give  the 
values  of  the  Horizontal  Force,  which,  being  combined  with  the  Dip 
observations,  furnish  the  Vertical  and  Total  Forces. 

These  are  expressed  in  both  English  and  metrical  scales — ^the  unit  in 
the  first  being  one  foot,  one  second  of  mean  solar  time,  and  one  grain ; 
and  in  the  other  one  millimetre,  one  second  of  time,  and  one  milligramme, 
the  factor  for  reducing  the  English  to  metric  values  being  0*46108. 

By  request,  the  corresponding  values  in  G.G.S.  measure  are  also  given. 

The  value  of  log  tt^K  employed  in  the  reduction  is  1'64365  at  tem- 
perature 60"  F. 

The  induction-coefficient  ;*  is  0*000194. 

The  correction  of  the  magnetic  power-  for  temperature  t^  to  au 
adopted  standard  temperature  of  35°  F.  is 

00001194(^0-35) +0-000,000,213(^o-35)». 

The  true  distances  between  the  centres  of  the  deflecting  and  deflected 
magnets,  when  the  former  is  placed  at  the  divisions  of  the  deflection- 
bar  marked  I'O  foot  and  1*3  feet,  are  1-000075  feet  and  1*300097  feet 
respectively. 

The  times  of  vibration  given  in  the  Table  are  each  derived  from  the 
mean  of  12  or  14  observations  of  the  time  occupied  by  the  magnet  in 
making  100  vibrations,  corrections  being  applied  for  the  torsion-force 
of  the  suspension-thread  subsequently. 

No  corrections  have  been  made  for  rate  of  chronometer  or  arc  of 
vibration,  these  being  always  very  small. 

The  value  of  the  constant  P,  employed  in  the  formula  of  reduction 

In  each  observation  of  absolute  Declination  the  instrumental  read- 
ings have  been  referred  to  marks  made  upon  the  stone  obelisk  erected 
1 ,250  feet  north  of  the  Observatory  as  a  meridian  mark,  the  orientation 
of  which,  with  respect  to  the  Magnetometer,  was  determined  by  the 
late  Mr.  Welsh,  and  has  since  been  carefully  verified. 

The  observations  have  been  made  and  Teduco3L\yy  l^x.^."^  .^\si«.«t. 
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Vibration  Observations  for  Absolute  Measare  of  Horizontal  Force. 
Table  I. 


llnicof 
Vibralioo.' 


November . . 

DwiBnibur . . 

1885. 
Januarj. . . , 


May. , . 


Jul? 

August  . . . 
Si'ptember. 


is  ii'2g1. 

30  12  2!)F. 


23  12  10  F, 

2  10  P. 
2i  12  Ml  P 


4-6477 
4'64»e 
4-6498 

4'6&56 
46352 

i'i;608 
4'6563 


4'e57a 
4-6j40 

4-6541 


0-30320 
0-30811 


0-30876 
0-30870 


O-5108S 
051976 


0-51965 
0-51970 


0-51926 

0-51fi7l 
0-51665 

0-51956 
0-61922 


■  A  Tibratioa  'a  a  rooTeoieac  of  tlie  niftgnet  from  s  poaiUon  of 
ment  on  one  side  of  the  mcridiui  to  a  conrspondiug  poaition  oo  the  other  lide. 
t  M  —  magnetic  momeut  of  librating  niBgnel. 


.  dupWe- 
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Obaerrationa  of  Deflectdon  for  Absolute  Measttre  of  Horikontal  Force. 
Table  II. 


October..., 

December . . 
1B85. 

February  .. 

April 

M«y  ...... 


30  II  45  LV 
3    Df.M 

!7  12  15P.M 
8  16    „ 

29  la  36p.1I 
2  13    ,. 

29  2  -17P.1I 

30  11  27A.M 
iS  IS  S6p.1I 

2  23  „ 
23  II  33A.H 

2  4Qr.u 
84  11  40A.M 

2  44p.1I 

27  12  20p.1i 

2  12  „ 
2S    2  E8    „ 

28  12    4P.K 

2  12  „ 
20     8  22     „ 

29  12    9p.h 

2  17    „ 


Terope- 
Faht,' 

51 '4 
50-7 
67-9 
47-7 
^'4 
40- 1 
40  0 
660 

G8-0 
G4-2 
46  D 
47-3 
«'7 
52 '6 


71-2 
74  b 
TO'-S 
64-8 
73  5 


15  21  28 

6  E6  48 
15  IB  58 

6  54  45 
15  19  ei 

6  55  6 
15  19  53 

6  51  6ti 


16  19  22 
6  54  44 
15  18  94 

6  54  34 


15  18  84 

6  S4  14 
15  IB  45 

e  53  25 
15  17  13 

6  54  5 
15  19  14 

6  54  26 
15  17  16 

6  54  10 


^^^^^^^^^^^^H 

F 
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Table  n—eo>Uinued.                                    ' 

i 

Moulli. 

a.  M.  T. 

DUtouccs 

of 
Contrea  of 

Tenipe- 
Ffthr.' 

Obserred 

L.4 

Mwn. 

ias5. 

A.  h.  m. 
2il  12  17F.U 

2  14    „ 

2    9    „ 

28  la  37P.M 

8  S2    „ 

foot. 
10 
13 
1-0 
1-3 
10 
1-3 
10 
13 
lO 
1-3 
I-O 
!■» 

^■6 

■ii'-'i 

6t4 
67  0 

eb'a 

15  17  42 
B  54    7 

U  16    6 
G  53  3S 

16  17     4 

6  64  m 

16  17  12 
6  Si    7 

IS  18  22 
6  64  27 

15  16  12 
6  58  26 

9  12270 

9 -laze? 

9'12213 

A>.B"st 

Seplombep. 
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39lt0 
39-25 
aUfi6 


67  39'()3 
39-40 
38-25 


2  42    , 

2  47    . 


25  2  4Sf. 

2  45    , 

27  3  63   . 


21  3  lOF.M. 
S  40    „ 

22  3  4i   „ 
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Table  IV. 
Bnmm&rj  of  Son-Bpot  Obaervationa  made  at  the  Kew  Observatory. 


Janunry  . . . . 
Februarj, , . . 

May 

July 

Setitember. . 
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APPENDIX  IV. 


lAul  of  Instnunenta,  Apparatua,  Ac,  the  Property  of  the  Kew  Coat- 
iiiittt-e,  at  the  present  date  out  of  tho  cuBtody  of  the  Superintendent, 


I)e|]nrtmeiit,  South 
K.-n.ington. 


Dr.  T.Thorpe, F.'R.S, 


MnjiiriIerarhel,R.K.. 


Mr.  H.  W.  Mvinro  ., 
Lii'utcannt  A.  Qordon, 


Profi-«9or  W.   GryUs 
Adams,  F.R.8. 

Professor  O.J,  Lodge 


Mr.  W.  F.  narnson  . 

CapiniQ    W.    do    W. 
Abnej,  F.It.S. 


The  utirles  «pt<ciOei1  in  thp  lisl^  in  tho  Anna&l 
Report  tor  1876,  witli  the  exception  oE  the 
Photo- HeUoarauh,  Pendidiim  Appivnltijs, 
Dip-Cirrle,  UnifilBT,  and  Uod|;kiiiaon'i  Aoli- 


Threo  Open   Sralo   Standapd    Tli 

N^»,  56l,&63,  and563. 
Tripod  Stnnd 


IriTBrittble  Pendulums,  Nos.  1821.  i,  and 
Shelton  Clock,  U.S.  Ko.  31,  Staods, 
Accussorics. 

Standard  Stnight-edge 


e  Pair  of  Needles. 


Dip -Circle,  bj  Barrow, 

and  MsgnetiEiti!!  Barn. 
One  BiRlnr  Miiifuetouieter. 
On«  Declinometer. 
Tiro  Tripod  Stands. 

Toronto  Daily  Registers  for  1850-3  , 


Uiiifilar  MagDctomoter,    by   Jonrt,    No.    106 

«implet«. 
Barrow  Dip-Circle.  No.  23,  with  two  Needles 

and  Magnetixing  Bun. 
Tripod  Staad. 

Condensing  leas  anil  copper  lamp  cliimnej    . 

Mason's  IIjgrometBr.  by  Jones 
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Transactions. 

Amsterdam : — Genootschap  Natara  Artis  Magistra.  Bijdragen  tot 
de  Dierknnde.     Aflevering  12.  4to.  Amsterdam  1885. 

The  Society. 

Batayia: — K.  Natnnrknndige  Vereeniging  in  Nederlandsch- Indie. 
Natnnrkandig  Tijdschrift  voor  Nederlandsch-Indie.  Deel 
XLIV.  8vo.  Batavia  1885.  Catalogus  der  Bibliotheek.  8vo. 
Batavia  1884.  The  Societr. 

Berlin : — K.  Akademie  der  Wissenschaf  ten.  Abhandlnngen.  1884. 
4to.  Berlin  1885.  The  Academy. 

Bolc^na  : — Accademia  delle  Scienze.  Memorie.  Serie  4.  Tomo  V. 
4to.  Bologna  1883.  The  Academy. 

Boston : — American  Academy  of  Arts  and  Sciences.  Proceedings. 
New  Series.  Vol.  XII.  8vo.  Boston  1885.  The  Academy. 

Brussels  : — Academic  Royale  des  Sciences.  Biographic  Nationale. 
Tome  VII  r.  Fasc.  1-2.  8vo.  Bruxelles  1885.  M6moires.  Tomo 
XLV.  4to.  Bruxelles  1884.  M6moires  Conronn^s.  Tome 
XXXVI.  8vo.  Bruxelles  1884.  M^moires  Conronn^s  et 
Memoires  des  Savants  fitrangers.  Tome  XLVI.  4to  Bruxelles 
1884.  The  Academy. 

Soci6t^    Malacologlqne    de    Belgiqae.      Annales.      Tomes   XV, 
XVIII,  XIX.     8vo.  Bruxelles  1880,  1883-1884. 

The  Society. 

Cherbourg : — Society  Nationale  des  Sciences  Natnrelles.    Catalogue 

de   la   Bibliotheque.     Livr.    III.     Partie   II.    8vo.    Cherbourg 

,      1883.     *  The  Society. 

Societe  Nationale   des   Sciences  Natnrelles   et  Math^matiques. 

Memoires.     Tome  XXIV.     8vo.  Paris  1884.  The  Society. 

Danzig : — Naturforschende  Gesollschaft.  Schriften.  Band  VI. 
Heft  2.  8^0.  Danzig  1885.  The  Society. 

Edinburgh : — Geological  Society.  Transactions.  Vol.  IV.  Part  3. 
Vol.  V.  Part  1.  8vo.  Edinburgh  1883,  1885.  The  Society. 

Falmouth : — Royal  Cornwall  Polytechnic  Society.  52nd  Annual 
Report,  1884.     8vo.  Falmouth.  The  Society. 

Glasgow : — Philosophical  Society.  Proceedings.  Vol.  XVI.  8vo. 
Glasgow  1885.  The  Society. 

Leipzig: — Konigl.  Sachs.  Gesellschaft  der  Wissenschaften.  Ab- 
handlnngen. Math.-Phys.  Classe.  Band  XIII.  Nos.  2-4. 
8vo.  Leipzig  1884-1885.  Abhandlnngen.  Phil.-Hist.  Classe. 
Band  X.  Nos.  1-2.  8vo.  Leipzig  1885.  Berichte.  Math.- 
Phys.   Classe.     Band  XXXVI.    Noa.  \-^.  ^wA  3XX:^\^, 
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TransEctions  (eontltnied). 

Nob.   1-2.    Svo.  Leipiig  1885.     Ben'chte.     Phil.-Hist.   ClasKC. 

Band    XXXVI.   Noa.  1-4.    Band  XXXYIl.  Noa.  1-3.  Svo. 

Leipzig  1884-85  The  Society. 

Naturforscliende    GeaeUechaft.      Sitsnngsbcrichtc,     Jalirg.    XI, 

1884.  Svo.  Lsiptig  1885.  Tbe  Socit-ty. 
Loudon  ; — Institution  of  Civil  Engineera.     Minutes  of  Prowedinga. 

Vols.  LXXX— LXXXII.  Svo.  L-mdim.  1885.  Heat  in  its 
JiIi-eliiLnical  Apfi I i cations,  Svo.  London  1885.  Charter,  Bye- 
La  ws,  and  List  of  Members.  Svo.  London  1885, 

The  Inetitation. 

ilnstitation  of  Meclianical  Eng'ineera.  Proceedings.  Nos.  3—4. 
Svo.  Lmtdon  1885.  General  Index  to  Pi-oceediugs,  18/4-I8b4. 
Svo.  London.  The  Institntion. 

Iron  and  Steel  Institute.     Joornal.     No.  1.     Svo.  Londuii  1885. 
Tbe  Institute. 
Royal   Astronomical  Society.     Memoirs.    Vol.  XLVII.    Part  2. 
4to.  London  1885.     List  of  Fellows,  June  1835.  Svo. 

The  Society. 
Royal  Microscopical  Society.     Joarnal.    Ser.  2.   Vol.  V.    Parts 
4,  6.  Svo.  London  1883.  The  Society. 

Society  of  Antiquaries.  Arch»ologia.  Vol.  XLVIII.  4to.  ion- 
inn  1885.    Proceedings.    Series  2.  Vol.  X.    No.  2.  Svo.  London 

1885.  List  of  Fellows.     Jnne  1885.     Svo.  The  Society. 
Newcastle-upon-Tyne: — North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.     Transactions.     Vol.  XXXIV.     Parts 

3-5.  Svo.  Newcaitle-ui.on-Ty ne  18B5.  Tbe  Institute. 

Palermo: — Societa  di  Scienze  Natnrali  ed  Economiche.     Giornalc. 

Vol.  XVI.  4to.  Palenno  1884.  The  Society. 

Paris: — Ecole  Norm&le  Snperieure.     Annales.     Ser.  3.     Tome  II. 

Nos.  4-y.  4to.  Farit  1885.  The  School. 

Kacalte  des  Sciences.     Theses  Matbematiquea.     Par  M.  Georges 

Humbert.     4to.  Parii  188.5. 
Museum    d'Histoire    Nat  are  lie.      Nouvelles    Archives.     Ser.   2. 
Tome  VII.     4to.  Parts  1885.  The  Museum. 

Soci^te    Franfaise  de   Physique.      Seances.      Jui  1  let- Decern bre, 
1884,  Janvier-Juillet,  1S85.      Svo.  Paru  1885.     Collection  de 
M^moires  rehitifa  a  la  Physique.     Tome  II.  8vo,  Parw  1885. 
The  Society. 
Tftkifl :— University.     Memoirs.     No.  2.     2  vols.  Svo.    TSkio   1S85. 
Appendix  to  Memoir  No.  5.  Svo.  'ivkio  1885. 

The  UniverBity', 
Toronto: — Canadian  In stitnte.     Proceedings.     Series  3.     Vol.111. 
Ease.  2.  Svo.  Toronto  1885.     (Two  copies.) 

The  Canadian  Government. 
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Transactions  (conHnued), 

Vienna : — K.   K.    G-eologisohe    Reiclisanstalt.      Jalirbach.     Band 

XXXV.    Hefte  1-3.  8vo.  Wien  1885.     Abhandlungen.    Band 

XI.     Abth.  1.     4to.   Wien  1885.  The  Institution. 

Yokohama: — Asiatic  Society  of  Japan.    Transactions.   Vol.  XII. 

Part  IV  ;  Vol.  XIII.  Part  1.  870.  Yokohama  1885. 

'  The  Society. 


Observations  and  Reports. 

Calcutta : — Geological  Survey  of  India.  Paladontologia  Indica. 
Ser.  4.  Vol.  I.  Part  5 ;  Ser.  10.  Vol.  III.  Part  6 ;  Ser.  13. 
Vol.  I.  Part  4  (fasc.  5).  4to.  Calcutta  1885.  Memoirs. 
Vol.  XXI.  Parts  3-4.  8vo.  Calcutta  18»5.  Records.  Vol. 
XVIII.     Part  3.  8vo.  Calcutta  1885.  The  Survey. 

Meteorological  Office.  Observations  recorded  at  Six  Stations  in 
India.  December,  1884,  and  January  to  April,  1885.  4to. 
Description  of  the  Stations.  4to.  1885.  Report  on  the 
Meteorology  of  India  in  1883.  By  H.  F.  Blanford,  F.R.S. 
4to.  Calcutta  1885.  Indian  Meteorological  Memoirs.  Vol.  II. 
Part  4.     By  H.  F.  Blanford,  F.R.S.    4to.  Calcutta  1885. 

The  Office. 

Dun  Echt : — Observatory.  Mauritius  Expedition,  1874.  Divi- 
sion 2.    4to.  Dun  Echt  1885.     Circulars.    Nos.  94-98. 

Tlie  Earl  of  Crawford,  F.R.S. 

Hong  Kong : — Observatory.  Observations  and  Re.iearches  made  at 
the  Observatory,  1884.  By  W.  Doberck.  Folio.  Hong  Kong 
1885.  The  Observatory. 

London : — Royal  Observatory,  Greenwich.  Observations,  1883.  4to. 
London  lb85.  Greeuwich  Spectroscopic  and  Photographic 
Observations,  1883.  4to.  1885.  Greenwich  Magnetical  and 
Meteorological  Observations,  1883.  4to.  1885.  Greenwich 
Astix^noDiical  Results,  1883.  4to.  1885.  Report  of  the 
Astronomer  Royal  to  the  Board  of  Visitors,  1885.     4to. 

Tiflis  : — Pliysikalisches  Observatorium.  Magnetische  Beobach- 
tungeu,  1883.  Small  4to.  Tiflis  1885.  Meteorologische 
Beobachtuugen,  1883-8 4<.  Small  4to.  Tiflis  1885.  Beobach- 
tungen  der  Temperatur  des  Erdbodens,  1881-83.  Small  4to. 
I'iflis  1885.  The  Observatory. 


Journals. 

American  Journal  of  Philology.    Vol.  VI.    No.  2.  8vo.    Baltimore 
1885.  The  Editor. 

Annates  des  Mines.     Serie  8.    Tome  VII.    Livr.  2,  3.  8vo.  Paris 
1885.  \i^^Q\ek  ^««k'^k:-\«^^ 
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Journal  8  {ctmtinup^. 

Annales  Hydrogiaptlqnes,     Serie  2.     No.  679.     8to.  FarU  1885. 

IMp6t  de  ta  Marine. 
Archives  Nuerlandaiees  des  Sciences  Esactes  et  Nutarelles.     Tome 
XX.     Livr.  1,  2.     8vo.  Barlem  1885. 

Soci^t^  Hullandaise  des  Sciences. 
Aaclepiad  (The).    Vol.  11.    Nos.  7,  8.    8vo.  io7«/on  1885. 

Dr.  B.  W.  Ricliardson,  F.R.S. 
Astronomie  (L').     Annce  IV.     Nob.  5-9.     8iro.  Paris  1885. 

The  Editor. 

Abney  (Cftpt.)     Photography  with  EmolHions,     8vo.  Lomloa  1885. 

The  Author. 
Ashbiinier  (C.  A.)     Brief  Description  of  the  Anthracite  Coal  Fields  '. 
of  Pennsylvania.  8vo.  1884.  The  Anthor.    j 

Bailey  (W,  H.)     Anniversary  Address  before  the  Medical  Society  of    | 
New- Tork.  8vo.   Syr«c«se,^'.r.   1881.  The  Author.     ■ 

L    Ball  (V.),  F.R.S.     Report  on  the  Muaeums  of  America  and  Canada. 
■  8vo.  188*.  The  Author. 

Barlow  (William)    New  Theories  of  Matter  and  of  Force.  8vo.  Louilon 
1885.  The  Author. 

Beddoe  (John),  F.R.S.     The  Races  of  Britain.     8vo.  BrUtol  1885. 

The  Anthor. 

Benson   (L.  S.)     Creation.     Man's  Fall  explained.     8vo.    New    York 

1885.  The  Anthor. 

Braithwaite  (R.)     The  British  Moss-Flora.     Part  IX.  8vo.  London 

1885.  The  Author. 

Bredichin  (Th.)     Snr  les  Oscillations  des  Jets  d'Cmission  Anw  les 

Cometes.  Svo.  Moicou  1885.     Revision  des    valenrs  num^riqnes 

de  la  Force  Repulsive.     Svo.  Mosenu  1885.  The  Author, 

Canchy  (Angnstin)     (Euvres.     Seriol.     Tome  V.    4to.  Pam  18^5. 

Academie  des  Sciences. 

Ceilings  (W.  J.)     Specihcity  and  Evolution  in  Disease.     Svo.    Lo»don 

1884.  The  Author. 
Creniona   (Lnigi),    For.   Mem.    R.S.      Les    Figures   reciproqnes    en 

Statiqne  graphiqne.    2  Vols.    (Terte  et  atlas.)    Svo.  ParU  1885. 
De  Penning  (G.  A.)      On  the  Natnre  of   Gravity.      Svo.    Calcutta 

1885.  Od  the  Effect  of  Gravity.    Svo.  Gaieulla  1885. 

The  Anthor. 
Dewalque  (G.)      Stries  glaciaires  dans  la  valine   rAmblfive.      Svo. 

Liege  1885.  The  Anthor. 

Gibbs  (Woolcott)     Researches  on  the  Complex  Inorganic  Acids.  Svo. 

Camlridje,  Mats.  1S85.  The  Author. 

Gore  (J.  E.)     Catalogue  of  Suspected  Variable  Stars.     Svo.    Dublin 

1885.  The  Author. 
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Gravis  (A.)  BecherclieB  Anatomiques  ear  lea  organes  y^g^tatifs  de 
VUrtica  dioca  L.     4io.  Bruxelles  1885.  The  Author. 

Hensel  (Julius)  Eine  neue  Theorie  der  Lebens-Chemie  in  typischen 
Fignren  yeranschaulicht.  8vo.  Ghristiania  1885.         The  Author. 

Hill  (S.  A.)  On  Observations  of  the  Solar  Thermometer  at  Lucknow. 
8vo.  Calcutta  1885.  The  Author. 

Him  (G.-A.)  La  Notion  de  Force  da  la  Science  Modeme.  8vo. 
Paris  1885.  Besume  des  Observations  M^t^rologiques  faites 
pendant  les  ann^es  1882-84!,  en  quatre  points  du  Haut-Rhin  et 
des  Vosges.  8vo.  Colmar  1885.  Bougeurs  Cr^pusculaires 
observes  ^  la  fin  de  1883.  8vo.  Paris  1885.  The  Author. 

Hirth  (F.)     China  and  the  Roman  Orient.  8vo.  Leipsic  1885. 

The  Author. 

Hogg  (Jabez)  Homer  Colour-blind.  8vo.  1885.  Testing  for  Colour- 
blindness in  the  Mercantile  Marine.  8vo.  1885.  Arsenical  Poison- 
ing by  Wall-papers  and  other  Manufactured  Articles.  8vo. 
[Londoii]  1885.  The  Author. 

Jervois  (Sir  F.  W.  D.)  New  Zealand  Institute.  Anniversary 
Address  of  the  President.  8vo.  Wellington  1884. 

'       The  Institute. 

Jones  (T.  Rupert),  F.R.S.  The  Origin  and  Constitution  of  Chalk 
and  Flint,  bvo,  Hertford  1885.  On  the  Ostracoda  of  the 
Purbeck  Formation,  with  Notes  on  the  Wealden  species.  8vo. 
1885.  The  Author. 

Ketteler  (Dr.  E.)     Theoretische  Optik.  870.  Braunschweig  1885. 

The  Author. 

EIluk-Kluczycki  (V.  P.)  Umsturz  Irrthiimlicher  Schullehren.  8vo. 
Krakau  1885.  The  Author. 

Kolliker  (A.),  For.  Mem.  R.S.  Stifbchenzellen  in  der  Epidermis  von 
Froschlarven.     8vo.   Wiirtzburg  1885.  The  Author. 

Kops  (Jan)  and  F.  W.  van  Eeden.  Flora  Batava.  Nos.  269-70.  4to. 
Leiden  [1885].  The  Netherlands  Legation. 

Lewis  (H.  Carvill)  Marginal  Kames.  8vo.  1885.  A  great  Trap 
Dyke  across  South-Eastern  Pennsylvania.  8vo.  1885. 

The  Author. 

Liveing  (Prof.),  F.R.S.  Chemical  Equilibrium  the  result  of  the  dis- 
sipation of  Energy.  8vo.  Cambridge  1885.  The  Author. 

Liversidge  (A.),  F.R.S.  Analysis  of  Slate  in  contact  with  Oranite 
from  Preservation  Inlet,  N.  Zealand.  8vo.  1884.  On  the  Che- 
mical Composition  of  certain  Rocks  in  N.S.W.  8vo.  Sydney 
1883.  On  some  N.S.W.  Minerals.  870.  Sydney  1885. 

The  Author. 

Loomis  (EliHs)  Contributions  to  Meteorology.  (Revised  Edition.) 
4to.  New  Haven^  Conn,  1885. 

Maltese  (F.)     Cielo.     8vo.  Vittoria  1885.  TV^e^  koJCi^^'^. 
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Millardet  (A,)  Histoire  dea  Principalea  Variet^-s  et  Especea  de  Vignea 
d'origine  AnnSncaioe  qui  rdeistent  an  PhjIIoxora.  4to.  Pari* 
1885.  Tte  Aothor. 

Moore  (F.)     The  Lopidoptera  of  Ceylon.  Part  XI.  4to.  London  J885. 
Government  of  Coy  Ion. 

Mneller  (Baron  Ton),  F.R.S.  Descriptive  Notes  of  Papuan  Plnnta. 
Part  VI.  8to.  Mdhourne  1885.  The  Author. 

Ornota  y  Dnai-te  (Domingo  de)  Informe  sobre  loa  Terremotos  ooiiur- 
ridos  en  el  and  de  Eapana  en  Diciembra  de  1884y  Enero  de  188a. 
Large  8vo.  Malaga    1885. 

Society  of  Physical  and  'Sat.  Seiences,  MEilaga> 

Perthes  (Jnatns)  in  Gkitha.     1785-1885.  Large  8vo.  MUjichert. 

Phillips  (John),  F.R.S.  Manual  of  Geology.  Part  II.  Strati- 
graphical  Geology  and  Palteontology.  Edited  by  R.  Etheridge, 
P.R.S.     8vo.  io>.cio.i  18B5.  Mr.  R.  Etheridge,  F.R.S. 

Pickering  (E.  C.)  Light  of  Comparison  Stars  for  Vesta.  8vo.  Oamb. 
Mtuui.  1884.  The  Author. 

Pickering  (\V.  H.)  Photography  of  the  Infra-red  Region  of  tho' 
tjolar  Spectrum.  8to.  1884.  Mttliod  of  determining  tho  Speed 
of  Photographic  Exposerii.  8vo.  Cambridge  1885. 

The  Author. 

Prince  (C.  Leeson)  Observations  npon  the  Topography  and  Climate 
of  Crowborongb  Uill,  Snssex.  8vo.  Lewes  1885.  Obaervationa 
npoQ  tbe  Drought  and  Temperature  of  the  Pa^st  Season.  Folio 
slieet.  1885.  The  Author. 

Pole  (William),  F.R.S.  Further  Data  on  Aerial  Navigation.  8vo. 
London  1885.  The  Author. 

Prota-Giurleo  (Prof.  Nestore)  Comunicazione  fatte  all'  aiidecimo 
CoQgresso  Medico  di  Perugia.  8vo.  Napoli  1885. 

The  Anthor. 

Pnrves  (.T.  C.)  Esqnisse  Geologique  de  I'lle  d'Antigoa.  8vo. 
Bnaielkt  1885.  The  Author. 

Rec.de  (T.  Mellard).  The  Mersey  Tunnel;  its  Geological  Aspects 
and  RBsnlts.     8vo.  Liverpool  I8ii!i.  The  Anthor. 

Robins  (E.  C.)  Papens  oa  Technical  Edncation,  Applied  Science 
Buildings,  Fittings  and  Sanitation.     4to    Loruhit  1885. 

The  Author. 

Bntley  (Frank).     On  Brecciated  Porfido-rosso  antico.  8to.  1885. 

The  Author. 

Saint-Lager  (Dr.)  Recherches  Historiqnes  snr  les  mots  Plautes 
Males  et  Plantes  Femelles.  8vo.  ParU  1881.  The  Autbor. 

Sibson  (Francis),  F.R.S.  Collected  Works.  Edited  by  W.  M.  Ord, 
M.D,     4  vols.  8vo.  London  1881.  Mrs.  Sibson. 

Simson  (James)  Tbe  Social  Emancipation  of  the  Gipsies.  8to.  New 
York  1884.  The  Anthor. 
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Smellie  (T.  D.)     Ocean  and  Air  Currents.  8vo.  Glasgow  1885. 

The  Author. 

Smjthies  (John  K.)     Problems  on  the  Motion  of  Atoms.  4to.  London 

•  1885.  The  Author. 

Sohncke  (Dr.  Leonhard)     Der  IJrsprung  der  Gewitter-Elektricitat. 

8vo.  Jena  1885.  Meteorological  Office. 

Spratt  (Vice- Admiral),  F.R.S.     Report  on  the  Present  State  of  the 

Navigation  of  the  River  Mersey,  1884.  8vo.  London  1885. 

The  Author. 
Symons  (G.  J.),  F.R.S.     British  Rainfall,  1884.  8vo.  L<mdon  1885. 

The  Author. 
Toplej  (W.)      The  National  Geological  Surveys  of  Europe.    8vo. 
London  1885.  The  Author. 

Verbeck  (R.  D.  M.)     Krakatau.  8vo.  Batavia  1885. 

The  Netherlands  Embassy. 

Walker    (T.    Gordon)       Panjab   Customary  Law.     VoL  V.     8vo. 

Calcutta  1885.  The  India  Office. 

Wallem    (Fredrik    M.)       Den     Internationale     Fiskeriudstilling    i 

London  1883.  8vo.  Bergen  1885.  Meteorological  Office. 
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Transactions. 

Calcutta : — Asiatic  Society  of  Bengal.  Journal.  Vol.  LIII.  Part  2. 
No.  3.  8vo.  Calcutta  1884.  Vol.  LIV.  Part  1.  Nos.  1-2.  8vo. 
Calcutta  1886.  Proceedings.  January  to  May,  1885.  8vo. 
Calcutta  1885.  Centenary  Review.  1784-1883.  8vo.  Calcutta 
1885.  The  Society. 

Cambridge : — Philosophical  Society.  Proceedings.  Vol.  V.  Part  4. 
8vo.  Cambridge  1885.  The  Society. 

Christiania : — Videnskabs-Selskab.  Forhandlinger.  1884.  8vo. 
Christ iania  1885.  The  Society. 
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Action  of  Adds  on  Chlorophi/U. 

Every  one  who  has  worked  with  chlorophyll  must  be  familiar  with 
the  peculiar  effect  produced  on  the  addition  of  acida  to  its  solntions. 
If  an  alcoholic  eolation  be  taken,  the  eolonr  of  the  Bolufion  chanpca 
when  iin  tieid  is  added  from  bri^'Iit  green  tn  yelloTvish-si'oen,  nnd  the 
Rpeotram  at  the  BSmo  time  undergoes  alteration.  After  RtHnding 
Bome  time  the  solution  K'ves  a  dark  green  deposit,  which,  after 
separation  from  the  greenish -yellow  liquid,  showB  when  dissolved  in 
boiling  alcohol  or  ether,  the  spectrnm  of  so-called  "  acid  chlorophyll." 

This  change  is  attributed  by  some  to  a  simple  modification  of  the 
chlorophyll ;  others  consider  it  dne  to  the  formation  of  products  of 
decompofiirion.     The  latter  view  is,  I  have  no  doubt,  the  correct  one. 

In  order  to  obtain  the  products  due  to  the  action  of  acids  on  chloro- 
phyll, I  find  it  best  to  use  hydrochloric  acid.  Fresh  green  leaves  of 
any  kind  are  extracted,  without  undergoing  any  preliminary  treat- 
ment, with  boiling  spirits  of  wine.  The  extract,  which  should  be  of 
an  intense  green,  is  poured  off  from  the  ezfaansted  leaves,  and 
allowed  to  stand  for  a  day  or  two.  During  this  time,  a  light  green 
pomewhat  slimy  deposit  is  formed,  consisting  chiefly  of  wax  and 
fatty  matters  coloured  by  chlorophyll. 

On  examining  this  deposit  closely,  it  will  almost  invariably  be 
found  to  contain,  interspersed  in  the  mass,  small,  red,  glistening 
crystals.  These  crystals  consist  of  a  body  first  observed  by  Hartsen,* 
and  called  by  him,  "  ehrysophyU,"  a  name  which  it  wonid  be  well  to 
retain.t  The  deposit  having  been  separated  by  filtration,  a  cnrrent 
of  hydrochloric  acid  gas  is  passed  into  the  dark  green  filtrate.  This 
produces  at  once  a  dark  green  almost  black  volnminous  precipitate, 

■  "  Neu9  UnlcrsuohungBn  fiber  da*  CWorophyll,"  "  Chem.  ContmlbUtt,"  1876, 
S,  CIS. 

t  The  eTythrophjll  of  Boagarcl  and  the  cryitBllised  laDthophjll  of  otlior 
■bemixtg  arw  doabtlen  identical  witli  chryaophjll. 
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which  increases  in  quantity  ou  standing.  After  the  precipitate  has 
settled,  the  liquid  appears  greenish-yellow ;  it  shows  the  spectrnm  of 
acid  chlorophyll,  due  to  the  presence  of  colouring  matters  from  the 
precipitate,  these  being  not  entirely  insoluble  in  alcohol,  but  it  also 
contains  yellow  colouring  matters  which  darken  the  blue  end  of  the 
spectrum,  as  well  as  other  bodies  extracted  from  Ihe  leaves  which 
have  no  connexion  with  chlorophyll. 

The  dark  green  precipitate  is  now  61tered  off  and  washed  with 
spirits  until  the  61trate  appears  nearly  colourless.  It  contains  besides 
impurities,  which  are  chiefly  of  a  fatty  nature,  two  distinct  colouring 
matters  identical  with  the  pbyllocyanin  and  phylloxanthin  of  Fremy. 
These  names  I  see  no  reason  to  change.  They  have  been  retained  by 
Tschirch,*  one  of  the  latest  writers  on  the  subject.  The  method  I 
adopt  for  separating  the  two  substances  is  essentially  the  same  as 
that  of  Fremy.  I  have  tried  other  methods,  but  they  have  led  to  no 
result.  The  use  of  alkaline  solvents  is  to  be  avoided,  since  both 
colouring  matters  are  changed  by  the  action  of  alkalis.  The  crude 
product  of  the  action  of  the  acid  is  first  treated  with  ether,  in  which 
nearly  the  whole  dissolves.  The  insoluble  matter  having  been 
filtered  off,  the  filtrate  is  mixed  with  about  its  own  volume  of  fuming 
hydrochloric  acid.  The  mixture,  after  being  well  shaken,  is  left  to 
stand,  when  it  separates  into  two  layers,  an  upper  yellowish-green 
one,  containing  phylloxanthin  and  a  great  part  of  the  fatty  matters, 
and  a  lower  dark  blue  one,  containing  pbyllocyanin.  This  is  the 
experiment  of  Fremy,  which  is  so  often  referred  to  in  memoirs  on 
chlorophyll,  as  having  led  him  to  the  conclusion  that  chlorophyll  was 
a  compound  or  mixture  of  a  blue  and  a  yellow  colouring  matter.  I 
propose  first  to  give  an  account  of  pbyllocyanin,  the  colouring  matter 
of  the  blue  layer. 

The  two  liquids  obtained  in  the  manner  just  described  are 
separated  in  the  usual  way,  and  the  lower  blue  one  is  agitated  with 
fresh  ether,  the  process  being  repeated  until  the  ether  appears  nearly 
colourless,  and  the  phylloxanthin  has  been  removed.  After  a  short 
exposure,  to  allow  the  ether  contained  in  it  to  evaporate,  it  is  mixed 
with  water,  which  produces  a  dark  blue  precipitate.  This  is  filtered 
off,  washed  to  remove  hydrochloric  acid,  then  dissolved  in  boiling 
glacial  acetic  acid.  This  solution  on  cooling  gives  a  crystalline 
deposit  of  pbyllocyanin,  which  is  filtered  off  and  recrystallised  from 
acetic  acid.  If,  on  decomposing  a  little  of  it  with  boiling  dilute  nitric 
acid,  nothing  is  left  undissolved,  the  product  may  be  considered  pure, 
but  if  yellow  oily  drops  appear  on  the  surface  of  the  boiling  acid,  the 
process  of  crystallisation  from  acetic  acid  must  be  repeated.  The 
product  is  finally  filtered  off,  washed  with  acetic  acid,  and  dried. 

By  the  process  just  described,  I  have  obtained  pbyllocyanin  from 
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gmss,  from  ivy  leaves,  fi'om  the  leaves  of  the  common  ttiorn,  ftnd 
from  the  fronds  of  Pteris  aguiliiia.  No  difference  coald  he  dis- 
cerned bel.ween  the  different  specimens  obtained. 

Propertiei  of  Ph'jUoci/anin. 

When  dry,  phyllocyanin  has  the  appearance  of  a  dark  blue  mass, 
which  may  easily  be  reduced  to  a  fine  powder.  It  resembles  indipo, 
but  when  rubbed  with  a  hard  body  it  remains  bine,  and  does  not 
exhibit  the  coppery  Instre  which  cliai'aeteriaes  indigo.  Under  a  lens, 
small  wiiite  glistening  points  are  seen  dotting  the  mass,  produced  by- 
reflcxion  from  crystalline  snrfaces.  Examined  under  tbe  microscope) 
it  is  found  to  consist  almost  entirely  of  elongated  rhomboidal,  or 
irregularly  six-sided  crystalline  plateE,  wbicb  are  generally  opaqne, 
but  when  very  thin  are  traneluceiit  and  ihen  appear  olive- coloured  by 
transmitted  light.  Phyllocyanin  is  iueolnble  in  water.  It  dissolves 
in  boiling  alcohol,  bat  a  great  part  of  the  substance  dissolved  fieparat«a 
ont  on  the  solution  cooling,  as  a  volnminoaa  mBss,  consisting  of 
microscopic  crystals.  It  is  more  soluble  in  ether,  glaciiiil  nci^tic  acid, 
benzol,  and  carbon  disnlphide  than  in  alcohol,  but  the  best  solvent  is 
chloroform,  which  takes  np  large  quantities  of  phyllocyanin  even  in  the 
cold.  A  minute  quantity  of  the  sabstance  imparts  an  intense  colour 
to  any  of  these  solvents,  especially  chloroform.  It  is  only  on  diluting 
largely  that  these  solutions  lose  their  opacity.  Tbey  then  appear  of  a 
dull  green  or  olive  colour,  and  show  the  well-known  and  often 
described  spectrum  of  "  acid  chlorophyll,"  consisting  of  five  bands  of 
various  intensity.  The  solutions  fluoresce,  bnt  not  so  strongly  as 
solutions  of  chlorophyll. 

When  the  ethereal  solution  is  mixed  with  concentrated  hydro- 
chloric acid,  the  whole  of  the  phyllocyanin  is  taken  np  by  the  acid, 
yielding  a  dark  greenish-blue  solution,  which  sinks  to  the  bottom. 
Should  phylloianthin  be  present,  it  will  be  found  in  the  npper 
ethereal  layer,  which  then  shows  a  yellowish -green  tint,  and  an  ab- 
sorption spectrum  differing  from  that  of  phyllocyanin.  Tbe  lower 
greenish-blue  solution  shows  when  sufficiently  dilute  five  absorption 
bands,  tbe  spectrum,  in  fact,  of  the  hydrochloric  acid  compound  of 
phyllocyanin,  which  differs  widely  from  that  of  phyllocyanin  itself. 

Phyllocyanin  is  almost  insoluble  in  boiling  petroleum  ether,  and 
nearly  insoluble  in  ligroin.     It  dissolves  easily  in  warm  aniline. 

Phyllocyanin  contains  nitrogen,  bnt  is  free  from  sulphur. 

Action  of  Seat. — When  heat«d  on  platinum,  phyllocyanin  gives 
off  an  acid  smell,  then  swells  np  considerably,  evolving  gas  which 
bums  with  a  smoky  Same,  and  leaves  a  voluminous  charcoal,  which 
burns  away  slowly,  a  hardly  visible  trace  of  ash  being  left.  When 
bedted  slowly  between  two  watch-glasses,  it  swells  np  slightly,  and 
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liecoTnes  charred.  On  the  lower  glass  there  is  left  a  black  mass 
which  imparts  no  colonr  to  boiling  chloroform,  and  seems  to  be  simply 
charcoal.  On  the  upper  glass,  there  is  found  a  small  quantity  of 
brownish  sublimate,  which,  under  the  microscope,  is  seen  to  consist 
partly  of  crystalline  needles,  partly  of  regular  rhombic  crystals  which 
are  honey-yellow  by  transmitted  light. 

When  slowly  heated  in  an  air  bath  to  160**,  phyllocyanin  remains 
apparently  unchanged.  It  is  still  completely  soluble  in  chloroform, 
the  solution  showing  the  usual  absorption  bands.  On  heating,  how- 
ever, to  180^  complete  decomposition  takes  place,  but  without  any 
change  of  volume  in  the  substance.  The  charred  mass  now  imparts 
to  boiling  chloroform  only  a  very  faint  green  tinge,  and  when  heated 
in  a  tube,  gives  off  no  empyreumatic  products,  only  a  slight  odour 
of  hydrocyanic  acid. 

Action  of  Oxidisers. — On  adding  a  little  nitric  acid  to  a  boiling 
saturated  solution  of  phyllocyanin  in  glacial  acetic  acid,  the  solution 
immediately  becomes  yellow,  but  without  evolution  of  nitrous 
fames.  It  deposits  nothing  on  cooling  and  standing.  On  the 
addition  of  water  it  gives  a  dirty  green  flocculent  precipitate,  the 
filtrate  from  which  is  still  yellow,  but  shows  no  absorption  bands. 
The  precipitate  dissolves  easily  in  alcohol,  giving  a  yellow  solution, 
which  shows  a  spectrum  differing  from  that  of  phyllocyanin. 

Phyllocyanin  itself,  treated  with  boiling  dilute  nitric  acid  is 
rapidly  decomposed  and  dissolved  with  evolution  of  nitrous  fumes. 
The  solution  evaporated  in  the  water-bath  leaves  a  residue  which, 
treated  with  water,  dissolves  in  part.  The  filtrate  has  a  bitter 
taste,  and  leaves,  on  evaporation,  a  soft  yellow  residue,  in  which,  on 
standing,  some  colourless  crystalline  needles  are  formed.  The  portion 
insoluble  in  water  dissolves  easily  in  alcohol,  giving  a  yellow  solution 
which,  on  evaporation,  leaves  a  residue  having  a  crystalline  ap- 
pearance, but  not  really  crystalline  when  examined  under  the 
microscope. 

A  hot  concentrated  solution  of  phyllocyanin  in  glacial  acetic  acid 
becomes,  on  the  addition  of  a  little  chromic  acid,  yellowish-green, 
but  deposits  nothing  on  cooling.  The  solution  gives  with  water  a 
dull  green  precipitate,  the  filtrate  from  which  is  yellow,  and  shows  no 
absorption  bands,  while  the  precipitate  itself,  treated  with  ether,  gives 
a  solution  which  differs  somewhat  as  regards  colour  and  absorption 
bands  from  a  solution  of  phyllocyanin. 

Phyllocyanin  treated  with  a  watery  solution  of  chromic  acid,  to 
which  a  little  sulphuric  acid  has  been  added,  is  decomposed  with 
much  effervescence,  giving  a  green  solution,  which,  after  evaporation, 
leaves  a  residue  yielding  to  solvents  only  amorphous  products. 

Insolation, — I  will  introduce  here  what  I  have  to  say  regarding  the 
effect  of  insolation  on  phyllocyanin,  because  t\ieTft  cai\i  \i^  t^^j^  \Q>\i^\» 
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that  the  effecta  observed  are  dne  to   oxidation.      Anyone  who  h 
observed  tlie  oaso  and  rapidity  with  which  fv  solntion  of  chlorophyll  is     i' 
bleached   on  esposnre  to  light   and  nir  wonJd  be   sirnck  with   ihe 
extraordinary   permanence    exhibited    by    phyllocyanin    nnder    the     " 
same  circumstances.     A  moderately  strong  Holntioo  of  phyllouj-anin 
when  esposed  to  sunlight  retains  its  colour  for  a  long  time,  the  last 
trace  disappenring  only  aftt-r  many  weeks'  eipoauro. 

In  order  to  obserre  the  changes  which  take  place,  it  is  best  to 
take  a  chloroFormic  solution  o£  phyllocyauin  and  expose  it  tfl 
BQrlight  in  a  loosely- atoppei-ed  bottle,  the  stopper  being  occasionally 
remored,  and  the  contents  shaken.  The  green  colour  of  the  solution 
gradually  becomes  fainter,  the  absorption  bands  of  phyilocyanln 
remaining  viHible.  After  some  time  the  colour  changes  to  yellow,  but 
t!)e  solntion  still  shows  a  strong  band  in  the  red,  corresponding  to 
band  I  of  phyllocyauin.  At  length  this  band  bIru  di>^appears,  and 
there  is  now  nothing  to  be  seen  but  the  lolal  obscuration  at  the 
blue  end  of  the  spectrum,  which  most  yellow  solutions  show.  In 
one  ejcperiment  the  chloroformic  solntion  was  exposuil  to  alternate 
bright  sunli<;ht  and  diffused  daylight  from  the  miildlo  of  April  U>  the 
middle  of  Jane,  wheu  it  was  filtered  from  a  flocculent  yellow  deposit 
which  had  formed.  A  further  exposui-e  to  the  middle  of  August  wag 
required  to  cause  the  entire  disappearance  of  the  band  in  the  red. 

Several  products  are  formed  during  this  process  of  insolation.  The 
first  consists  of  a  fiocculent  yellow  deposit,  which  gradually  separates 
from  the  chloroformic  solation.  This  deposit,  after  tillering  off  and 
washing  with  chloroform,  is  found  to  be  easily  soluble  in  alcohol  and 
caustic  alkali,  but  insoluble  in  boiling  water,  in  which  it  simply  melts; 
insoluble  also  in  ether,  ligroin,  and  carbon  disulphide.  The  alcoholic 
solution  is  yellow,  shows  no  absorption  bands,  and  leaves,  on  spon- 
taneous evaporation,  a  residue  which  has  a  somewhat  crystalline 
appearance,  but  is  found  to  be  amorphous  when  examined  under  the 
microscope.  The  chloroformic  filtrate  leaves,  on  evaporation,  a 
residue,  which,  on  treatment  with  hot  water,  dissolves  only  in  part. 
The  part  left  undissolved  by  water  resembles  the  product  deposited 
from  the  chloroformic  solution.  It  melts  in  boiling  water;  it  is 
easily  soluble  in  alcohol,  the  solution  being  yellow  and  leaving,  on 
evaporation,  a  pale  yellow  brittle  amorphons  residue  ;  it  is  insoluble  in 
ether  and  carbon  disulphide.  The  watery  filtrate  from  this  second 
product,  after  treatment  with  animal  charcoal,  which  deprives  it  of 
most  of  iis  cdonr,  leaves,  on  evaporation  over  sulphuric  acid,  a  pale 
yellow  transparent  gum-like  residue,  in  which  nothing  crystalline  can 
be  detected,  and  of  which  the  following  are  the  most  characteristic 
reactions ; — 

Heated  on  platinum  it  is  decomposed,  giving  off  acid  fumes  with 
an  odoar  like  those  from  heated  tartaric  acid,  leaving  much  charcoal ; 
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its  watery  solution  has  a  strong  acid  reaction  and  a  soar  and  at  the 
same  time  very  bitter  taste ;  the  solution  gives  no  coloration  with 
ferric  chloride  ;  it  evolves  ammonia  when  boiled  with  caustic  potash, 
and  it  reduces  Fehling's  solution  on  boiling. 

It  appears,  therefore,  that  by  insolation,  phyllocyanin  yields  pro- 
ducts which  resemble,  if  they  are  not  identical  with,  those  due  to  the 
action  of  nitric  and  chromic  acids.  It  is  possible  that  some  of  these 
products  may  be  contained  in  faded  autumnal  leaves  after  the  chloro- 
phyll has  disappeared,  but  their  indefinite  character  would  i*ender 
their  identification  very  difficult.  Green  leaves,  in  becoming  yellow, 
pass  through  a  stage  in  which  they  yield  when  treated  with  alcohol 
an  extract  which,  though  quite  yellow  and  non-fluorescent,  shows  a 
strong  absorption  band  in  the  red.  Of  this  fact  I  was  forcibly 
reminded  when  watching  the  progressive  changes  of  phyllocyanin 
during  iusolation. 

'Action  of  Chlorine. — On  passing  a  current  of  chlorine  gas  through 
a  chloroformic  solation  of  phyllocyanin,  the  first  effect  observed  is  a 
change  of  colour  in  the  solution  from  dull  green  to  a  bright  grass- 
green,  the  latter  colour  closely  resembling  that  of  a  solution  of  chlo- 
rophyll. The  solution  shows  an  absorption  spectrum  which  coincides 
neither  with  that  of  chlorophyll  nor  with  that  of  phyllocyanin. 

On  standing  for  a  day  or  two  the  solution  loses  its  bright  green 
colour,  and  acquires  a  reddish  hue,  with  a  green  tint  at  the  edges 
where  the  thickness  of  the  liquid  is  less.  It  now  shows  the  same 
number  of  bands  as  a  phyllocyanin  solution,  but  the  bands  are  all 
nearer  the  red  end.  On  evaporation  it  leaves  a  greenish-brown 
amorphous  residue.  On  passing  more  chlorine  through  the  chloro- 
formic solution  of  phyllocyanin  the  green  colour  seen  at  first  dis- 
appears, the  solution  becomes  yellow,  at  last  pale  yellow,  all  the  bands 
characteristic  of  phyllocyanin  at  the  same  time  disappearing.  The 
liquid  leaves,  on  evaporation,  a  yellow  amorphous  residue  like  resin. 
This,  after  heating  in  the  water-bath  to  drive  away  all  traces  of 
hydrochloric  acid,  is  found  to  contain  chlorine.  It  does  not  dissolve 
in  boiling  water,  but  merely  softens.  It  is  easily  soluble  in  alcohol, 
the  solution  being  yellow  and  showing  much  obscuration  in  the  blue 
of  the  spectrum,  but  no  absorption  bands  even  when  very  dilute. 
It  dissolves  only  in  part  when  treated  with  caustic  potash  lye. 

Action  of  Bromine. — On  the  addition  of  a  little  bromine  to  a  chloro- 
formic solution  of  phyllocyanin,  the  solution  acquires  a  bright  grass- 
green  colour,  and  now  shows  four  absorption  bands.  On  adding  an 
excess  of  bromine  to  the  solution,  heating  and  evaporating,  an  olive- 
coloured  amorphous  product,  containing  bromine,  is  obtained,  which 
dissolves  easily  in  alcohol.  The  solution  is  brownish-red,  and  shows 
a  spectrum  similar  to  that  of  phyllocyanin,  but  having  the  bands  all 
nearer  the  red  end. 
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Action  of  Aeiih, — A  mixture  of  1  part  of  conceutrated  hjdroclilorio 
atid  with  9  parts  of  absolale  alcoliot,  dissolves  phyllocyanin  easily. 
In  daylight  the  solution  appears  dark  bine,  green  at  the  edges;  in 
ai-titicifti  light  it  appears  purple.  It  shows  a  spectrum  differing  from 
that  of  phyllocyanin,  and  more  nearly  reHemUing  that  of  chloro- 
phyll, especially  aa  regards  the  fourth  auii  fifth  bands,  which  are 
extremely  faint,  whereas  with  phyllocyanin  they  are  very  intense; 
the  Bpectrnm  is,  in  fact,  that  of  the  hydrochloric  acid  compound  of 
phyllocynnin.  On  adding  water  to  the  solution,  unchanged  phyllo- 
cyanin is  precipitated,  but  if  the  solution  be  evaporated,  it  leaves  a 
residue  green  ty  transmitted,  blae  by  reSected  light,  which  is  no 
longer  phyllocyanin,  for  it  diBsolvea  in  alcohol  with  a  brownish  .green 
colour,  and  the  solution  shows  a  sptjctruni  identical  with  that  of  the 
product  formed  by  the  acl.ien  of  alkalis  on  phyllocyanin,  and  cha- 
racterised by  two  bands  in  the  reil,  and  two  fine,  bnt  distinct  bands 
in  the  green,  which  will  be  referred  to  presently. 

Phyllocyanin  is  soluble  in  concentrated  hydrobromie  acid. 

It  diBBolves  in  concentrated  Bulphuric  acid,  giving  a  grass-green 
siilution,  which  showwa  spoctrum  resembling  that  of  the  hydrochloric 
acid  compound.  On  the  addition  of  water,  unchanged  phyllocyanin 
is  precipitated,  bat  if  the  solution  be  left  to  stand  for  some  time:,  the 
phyllocyanin  contained  in  it  is  changed,  and  the  precipitate  with 
water  now  consists  of  several  products,  one  of  which  shows  the  same 
si>ectrum  as  that  formed  by  the  action  of  hydrochloric  acid. 

Phyllocyanin  is  not  in  any  way  affected  by  treatment  with  a  boiling 
watery  solution  of  phosphoric  acid.  On  the  addition  of  phosphoric 
acid  to  a  boiling  alcoholic  solution  of  phyllocyanin,  the  latter  acquires 
a  purplish  tint,  but  the  spectrum  remains  the  same,  and  the  solution 
on  cooling  deposils  unchanged  phyllocyanin. 

Phyllocyanin  shows  no  tendency  to  combine  with  oxalic,  tartaric, 
or  citric  acid,  bnt  these  acid.'i  do  affect  it  to  a  certain  degree,  that  is, 
tliey  induce  decomposition  at  temperatures  at  which  the  substance 
itself  remains  unchanged.  Mixtures -of  finely  powdered  phyllocyanin 
with  oxalic,  tartaric,  and  citric  acids  remain  unalfered  when  heated  in 
the  wafer-bath.  After  being  heated  in  an  air-bath  to  l.TO°,  the  oxalic 
acid  mixture  no  longer  contains  phyllocyanin,  the  latter  being  com- 
pletely charred  and  decomposed,  whereas  the  tartaric  and  citric  acid 
mixtures  show  only  slight  indications  of  change  at  that  temperature. 
On  being  heated  to  155",  and  kept  at  that  temperature  for  some  lime, 
the  tartaric  and  citric  acid  mixtures  are  found  to  contain  products 
which  differ  from  phyllocyanin,  without  having  properties  such  as 
compounds  of  the  latter  with  acids  might  be  expected  to  show. 
Under  the  conditions  described,  therefoi-e,  phyllocyanin  shows  no 
tendency  to  combine  with  weak  acids. 
Action  nf  Alkalia. — ^Yllen  phjllocsonin  is  treated  with  very  dilute 
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canstic  potash  or  soda-lye,  it  dissolves  entirely.  The  solution  has  the 
same  colour  as  other  phyllocyanin  solations,  and  shows  a  similar 
spectrum,  bat  with  the  bands  less  distinctly  marked.  It  gives  pre- 
cipitates of  varioas  shades  of  green,  with  earthy  and  metallic  sfdts, 
such  as  the  chlorides  of  barium  and  calcium,  lead  acetate,  and  copper 
acetate.  These  might,  perhaps,  be  regarded  as  compounds  of  phyllo- 
cyanin,  and  be  called  phyllocyanat«s.  Nevertheless  it  is  easy  to 
show  that  by  mere  solution  in  alkali,  phyllocyanin  undergoes  a  com- 
plete change.  If  the  alkaline  solution  be  mixed  with  an  excess  of 
acetic  acid,  and  then  shaken  up  with  ether,  the  precipitate  with  acid 
dissolves  in  the  ether,  the  solution  having  the  colour  of  a  phyllocyanin 
solution,  and  showing  the  characteristic  absorption-bands ;  but  if  the 
solution  be  left  to  stand  in  contact  with  excess  of  acid  for  some  time, 
its  colour  changes  from  olive  to  a  brown  or  smoke  colour,  and  it  now 
shows  quite  a  different  and  very  elegant  spectrum,  characterised  by 
two  bands  in  the  red,  one  of  which  is  thin  and  nearer  the  red  end 
than  the  first  band  of  phyllocyanin,  and  two  very  fine  but  distinct 
bands  in  the  green,  the  third  and  fourth  bands  of  phyllocyanin 
having  disappeared,  while  the  fifth  still  remains.  Since  phyllocyanin, 
before  solution  in  alkali,  is  not  changed  appreciably  by  acetic  acid, 
even  on  boiling,  it  is  evident  that  by  the  action  of  alkali  it  is  in  some 
way  metamorphosed,  so  as  to  be  liable  to  further  change  when  acted 
on  by  the  acid.  In  preparing  this  product  of  the  successive  action 
of  alkali  and  acid,  care  must  be  taken  to  operate  in  the  cold,  for  i£ 
hot  alkaline  lye  be  used,  an  entirely  different  product  is  formed.  It 
is  deposited  from  a  boiling  alcoholic  solution  in  microscopic  crystals, 
which  are  quite  opaque,  even  in  a  strong  light,  and  resemble  crystal- 
lised phyllocyanin.  In  none  of  the  various  memoirs  on  chlorophyll 
that  have  come  under  my  notice  have  I  seen  any  spectrum  figured  or 
described  at  all  resembling  that  of  the  solutions  of  this  substance. 
The  spectrum  is  distinctly  seen,  even  in  exceedingly  dilute  solutions. 
The  next  product  of  the  action  of  alkalis  on  phyllocyanin  is  formed 
when  hot  alkaline  lye  is  employed.  In  order  to  obtain  it,  a  solution 
of  phyllocyanin  in  boiling  alcohol  is  mixed  with  alcoholic  potash  or 
soda,  and  boiled.  On  standing,  the  solution  yields  a  semi-crystal  lino 
deposit  of  a  fine  purple  colour  by  reflected  light,  consisting  of  a  potas- 
sium or  sodium  compound  of  the  product  formed.  This  is  filtered  off, 
washed  with  alcohol,  and  then  dissolved  in  water.  The  solution 
gives  with  acetic  acid  a  green  flocculeut  precipitate,  which  is 
filtered  off,  washed,  and  dissolved  in  boiling  glacial  acetic  acid. 
This  solution  on  standing  deposits  small  crystalline  rosettes,  which 
are  green  by  transmitted  light,  and  of  a  fine  purple  by  reflected  light. 
The  solutions  of  thi3  substance  have  a  dull  purple  colour,  and  exhibit 
a  distinct  spectrum,  characterised  by  a  broad  very  dark  band  in  the 
green. 
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I  sL&ll  return  to  fhcse  prodacts  on  a,  future  o 

Pbjliocyanin  does  not  dissolve  very  readily  ii 

Adion  of  Aniline. — When  a  Bolution  of  phjllocyuniu  in  aniline  is 
slowly  evaporated,  a  residue  ia  left  consisting  partly  of  dark  granules 
of  phj-llocyanin,  partly  of  pale  purplish -brown  crystalline  needles, 
nrraDged  in  tufts  and  rosettes.  The  latter  may  be  either  a  cumpnond 
with  aniline,  or  a  product  of  the  aGtiou  of  aniline  on  phyllocyaiiin  at 
the  ordinary  tempenitare  ;  it  is  formed  in  minute  qnantities  only.  A 
more  energetic  action  takes  place  at  higher  temperatures.  When 
aniline  and  phjllocyauin  are  heated  together  in  a  sealed  tube  tu 
130''  aud  kept  at  that'  temperature  for  some  time,  a  complete 
change  takes  place.  The  contents  of  the  tube  on  being  poured  into 
alcohol  dissolve  in  pnrt  only,  a  cryslalliut  mass  being  left  undissolved, 
the  filtrate  from  which  is  grceniah-browu,  and  shows  the  peculiar 
spectrum  of  the  first  product  of  the  action  of  alkalis  on  phyllocyanin. 
The  crystalline  mass  on  the  filter  dissolves  partly  on  treatment  with 
boiling  alcohol,  and  the  filtered  liquid  deposits  on  cooling  a  quantity 
of  white  crystalline  needles  in  star-shaped  groups,  which  are  soluble 
in  etlicr  and  chloi-ofnrm,  hut  iimulahb  iu  dilute  Hcidrf  aud  alkaline 
lyea.  The  porf.ion  of  the  crystalline  mass  left  undiaaoived  by  boiling 
alcohol  dissolves  in  chloroform.  The  solution  is  red,  and  shows  a 
very  characteristic  spectrum,  consisting  of  three  fine  but  very  dis- 
tinct bands  in  the  red,  of  which  the  central  one  is  the  strongest,  one 
very  dark  hand  covering  the  yellow  and  part  of  tlie  gryen,  which, 
when  the  solution  is  so  far  diluted  aa  to  show  only  two  bands  in  the 
red,  splits  up  into  two  nearly  equal  bands,  and  lastly,  one  dark  band 
at  the  edge  of  the  green  and  blue.  The  chloroformic  solution  leaves, 
residue,  having  a  purplish  hue. 
L  treatment  with  amuionia,  phyllo- 
lilar  to  those  formed  by  the  actioik 
ae.  When  phyllocyanin  ia  heated 
sealed  tube  to  140°,  bodies  are 
th  those  due  to  the 


a  evaporation,  a  semi-cryatalli 

It  might  be  supposed  that 
cyanin  would  yield  products  t 
of  aniline,  but  thia  ia  not  the 
with  strong  liquor  ammoniee 
formed  which  are  aimilar  to  if  nut  identical 
action  of  fixed  alkalia. 

Compounds  of  Phylloeyanin. — From  what  has  been  stated  above,  tt 
may  be  inferred  that  phyllocyHuin  plays  the  part  of  a  weak  base,  that 
ia,  it  combines  with  atrong  acida,  the  compounds  however  being  nn- 
atable,  and  easily  decompoaed  even  by  water.  Like  other  weak 
bases,  it  may  also  act  as  an  acid,  though  for  reasons  before  men- 
tioned, it  may  be  doubted  whether,  in  combining  with  baaea,  it  does 
so  without  undergoing  change.  Notwithstanding  its  nearly  neutral 
character,  however,  phyllocyanin  is  capable  of  yielding  compounds  of 
great  comparative  atability,  into  which  metals  and  acids,  especially 
organic  acida,  enter  as  constituents. 
Whea  pb^Uocytiaia  is  diBeoWed  in  \»oi.Viw^  gW,\^  «Aetic  acid,  it 
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crystallises  oat  unchanged  on  the  solution  cooling.  The  same 
happens  when  freshlj  precipitated  cuprio  oxide  or  zinc  oxide  is  added 
to  a  boiling  alcoholic  solution  of  phjllocyanin ;  the  solution  deposits 
pbjllocyanin,  and  there  are  no  indications  of  any  combination  taking 
place  between  the  phyllocyanin  and  the  metallic  oxide. 

A  very  different  effect  is  observed  when  either  of  the  two  oxides 
is  employed  along  with  acetic  acid.  When  cuprio  oxide  is  added  to 
a  solution  of  phyllocyanin  in  boiling  acetic  acid,  the  solution  acquires 
at  once  a  deep  greenish-blue  colour,  and  it  no  longer  contains  un- 
combined  phyllocyanin,  for  its  spectrum  is  different,  and  on  standing 
it  deposits  lustrous  crystals,  which  doubtless  consist  of  a  compound 
of  which  phyllocyanin,  acetic  acid,  •  and  copper  are  essential  con- 
stituents. If  zinc  oxide  be  employed,  a  similar  effect  is  observed ; 
the  liquid  acquires  an 'intense  green  colour,  and  now  contains  the 
corresponding  acetate  of  phyllocyanin  and  zinc. 

The  same  phenomenon  is  seen  when  ferrous  oxide,  manganese 
oxide,  or  silver  oxide,  or  one  of  the  corresponding  acetates  is 
taken,  solutions  of  various  ^  shades  of  green  being  obtained,  which 
contain  phyllocyanin  compounds,  but  ne  similar  compounds  are 
formed  when  potassium,  sodium,  barium,  calcium,  magnesium, 
or  lead  acetates  are  employed,  for  on  adding  the  acetate  of  any 
of  the  last-named  metals  to  an  •  acetic  acid  solution  of  phyllo- 
cyanin, the  colour  of  the  latter  remains  unchanged,  and  phyllocyanin 
is  deposited,  just  as  if  no '  metallic  acetate  were  present.  Acetic 
acid  is,  however,  not  the  only  acid  which  yields  the  reaction.  If 
palmitic,  stearic,  oleic,  tartaric,  citric,  malic,  or  phoBphoric  acid  be 
employed,  it  takes  place  just  as  with  acetic  acid,  but,  in  some  cases, 
time  is  required  for  its  completion.  The  process  results,  there  can  be 
little  doubt,  in  the  formation  of  compounds  analogous  to  those  with 
acetic  acid.  To  obtain  these  compounds,  it  is  only  necessary  to  add  a 
little  of  the  freshly  precipitated  metallic  oxide,  and  an  excess  of  one 
of  the  acids  named,  to  a  solution  of  phyllocyanin  in  boiling  alcohol, 
keeping  the  solution  boiling  for  several  hours,  then  filtering  and 
adding  water,  in  which  the  compounds  are  insoluble.  The  precipi- 
tated compounds,  which  are  generally  of  a  bright  green,  are  filtered 
o£F  and  washed  before  treatment  with  reagents. 

The  following  is  an  enumeration  of  the  compounds  obtained  in  the 
way  just  described  : — 

Phyllocyanin  cupric  acetate. 

„  „       palmitate. 

„  „       stearate. 

„  „       oleate. 

„  „       tartrate. 

citrate, 
phosphate. 
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Pbjllocyanii 

nrgentiu  acetato.                                                     ^^^^^| 

„ 

acetat«.                                                            ^^^^^H 

., 

,,                                                     '^^^^^H 

^^^^^H 

^^^H 

^^^^^1 

ferrous  acetate.                                                      ^^^^^H 

^^H 

^^^H 

citrate.                                                       '^■H 

„      mttlate.                                                             "     ^y 

„      phosphate. 

„ 

nmnganBHB  acetate. 

It-would,  of 

course,  be  easj  to  eitend  this  list  by  taking  a  greater 

variety  of  acid 

and  metallic  osideB. 

NevertJieloss 

strange  to  say,  sovoral  componads,  the  esisteiico  of 

which  might  have  been  anticipated,  are  not  formed  nodcr  the  same     ' 

ose  above  enumerated.     Plijllocyanin  does  not  enter 

into  combination  when  its 
oxide  and  oxalic  acid,  zinc 
tartaric  acid,  ferrous  ozide 
dication  of  double  compou 
the  chlondea  of  platinum,  r 
the  other  hand,  a  double  su 


Icoholic  solution  is  boiled  with  cnpric 
oside  and  oxalic  acid,  zinc  oxide  and 
id  tartaric  arid.  I  could  also  see  no  in- 
ds  of  phyllocyanin  hydrocbloi-ide  with 
ircury,  or  copper  being  formed,  but  on 
Iphate  of  phyllocyanin  and  copper  seems 


to  exist.  Atterapta  to  form  compounds  by  heating  mixtures  of 
phyllocyanin  with  glycerin  and  various  fatty  acids,  at  a  temperature 
of  1.30°,  led  to  negative  resnlta. 

The  various  compounds  above  enumerated  have  a  nambei'  of  pro- 
perties in  common,  though  the  several  classes-  differ,  inter  se,  in  somo 
im[)ortant  particulars. 

They  all  dissolve  more  or  leas  easily  in  alitohol,  ether,  chloroform, 
benzol  and  carbon  diaulphide,  in  fact  in  all  the  solvents  which  take 
up  phyllocyanin  and  chlorophyll,  hut  they  are  all  insoluble  in  water, 
with  the  exception  of  the  phyllocyanin  manganese  acetate,  which 
disaolvea  readily  therein.  The  aolutions  have  a  green  colour,  varying 
from  grass-green,  like  that  of  chlorophyll  solutions,  to  a  tine  blntsh- 
green  or  blue,  and  they  aliow  peculiar  spectra.  The  alcoholic  solu- 
tions remain  quite  unchanged  when  sulphnretted  hydrogen  is  paased 
through  them,  no  precipitate  in  formed,  and  the  solntiona,  on 
evaporation,  leave  the  various  componnda  with  their  original  propei'- 
ties  unchanged.  It  is  only  on  incineration  that  the  presence  of  the 
metallic  constituents  is  detected,  the  copper  compounds  leaving,  after 
being  burnt,  cnpric  oxide;  the  zinc  compounds,  zinc  oxide,  the  iron 
conipoanda,  ferric  oxide.  Lastly,  they  are  all  soluble  in  dilute  alkaline 
Jjes,  and  are  again  precipitated  nnchangei  on  fti«  a.i4\.t.ifln  of  acetic 
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acid.  Tbese  reactions  make  it  somewhat  doabtfnl  whether  these 
compounds  are  to  be  considered  as  double  salts  in  the  ordinary  accep- 
tation, and  whether  the  metallic  constituents  may  not  leather  be  con- 
tained in  them  somewhat  in  the  same  way  as  the  iron  in  haematin. 

I  have  still  a  few  remarks  to  make  on  the  distinctive  properties 
characterising  the  three  principal  groups  of  these  compounds,  the 
cupric,  zinc,  and  ferrous  groups. 

Of  these,  the  cupric  compounds  are  the  most  beautiful,  and,  at  the 
same  time,  the  most  stable.  Their  solutions  show  a  brilliant  colour, 
inclining  more  to  blue  than  green,  and  spectra  with  four  absorption 
bands,  the  position  of  which  varies  somewhat  according  to  the  acid 
employed.  They  are  not  decomposed  by  treatment  with  strong  acids. 
!£  an  alcoholic  solution  of  any  one  of  them  be  mixed  with  a  large 
quantity  of  hydrochloric  acid  and  boiled,  the  colour  is  not  changed, 
and  on  adding  water,  and  then  shaking  up  with  ether,  the  ethereal 
liquid  which  rises  to  the  surface  shows  the  same  colour  and  the  same 
spectrum  as  the  original  alcoholic  solution.  The  phyllocyanin  cupric 
acetate  is  the  most  beautiful  of  the  series.  It  is  best  prepared  by 
adding  cupric  acetaie  to  a  solution  of  phyllocyanin  in  boiling  acetic 
acid.  The  crystalline  mass  which  separates  out  on  standing  is 
filtered  off,  treated  with  dilute  hydrochloric  acid  to  remove  any 
exoess  of  cu|)ric  acetate  that  may  be  present,  and  then  redissolved  in 
glacial  -acetic  acid  boiling.  The  solution  on  cooling  deposits  the 
compound  in  crystalline  scales,  which  are  elongated,  pointed  at  the 
•ends,  of  a  pale  greenish-blue  by  transmitted  light,  and  of  a  brilliant 
purple,  with  a  semi-metallic  lustre,  by  reflected  light ;  it  much 
resembles  crystallised  indigo-blue.  The  other  cupric  compounds 
yield  only  microscopic  crystals. 

The  zincic  group  of  compounds  yield  solutions  of  a  brilliant  green, 
showing  -spectra  of  five  bands.  These  compounds  are  distinguished 
from  the  preceding  by  their  instability  in  the  presence  of  strong  acids. 
If  an  alcoholic  solution  of  any  one  of  the  zinc  compounds  be  mixed 
with  hydrochloric  acid  And  boiled,  its  colour  changes  to  blue.  On  now 
adding  water,  the  blue  colour  disappears,  and  a  precipitate  is  formed 
which  on  shaking  up  with  ether  dissolves.  The  ethereal  solution 
has  the  colour  and  shows  the  absorption  spectrum  of  phyllocyanin 
solutions.  The  zinc  compoumds  are  therefore  decomposed  by  hydro- 
chloric acid,  yielding  phyllocyanin  again  as  one  of  the  products  of 
decomposition. 

The  behaviour  of  phyllocyanin  towards  zinc  oxide  in  the  pre- 
sence of  organic  acids  may  serve  to  explain  a  peculiar  phenomenon 
fiist  observed  by  Church*  and  subsequently  described  by  Tschiixsh. 
The  former  took  chlorophyll  that  had  become  olive-brown  on  standing, 
and,  acting  on  it  with  zinc  powder  in  the  water-oven,  obtained  a  body 
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yielding  bright  green  BolutionB,  wTiith  he  took  to  be  regenerated 
chlorophyll.  Tsohirch  aeted  on  Hitppe-Seyler's  chlorophj-llan  with 
zinc  powder,  and  observed  the  eaine  phenomenon,  the  conclnfiion  at 
which  he  arrived  being  the  Hame,  viz.,  that  chloropliyll  is  reprodnced 
(roni  chlorophyllan  by  the  redncing  action  oF  zinc.  I  thiiik,  however, 
that  what  Tscbirch  obtained  v&s,  in  reality,  a  zinc  compound,  and 
would  have  been  formed  jnst  aa  well  by  ueing  aino  oside.  Chloro- 
phyllan 19  probably  an  impnre  eabstaiice,  contnining,  it  may  be,  soma 
fatty  acid,  together  with  phyllocyanin,  so  that  by  the  action  of  zinc 
oxide  on  the  mixture  a  compound  similar  to  those  above  described 
may  be  formed. 

I  hare  tried  the  eitpenment  with  the  preta|Rtftte  produced  by  treat- 
ing a  chlorophyll  solotion  with  hydrochloric  acid,  which  probably 
differs  very  little  from  chlorophyllan,  dissolving  it  in  boiling  alcohol, 
adding  zinc  oiide  and  boiling  for  some  time,  when  a  bright  green 
liquid  was  obtained,  which  might  have  been  taken  for  a  solution  of 
chlorophyll,  bat  evidently  contained  a  zinc  compsnnd  of  the  samo 
charac(«r  as  those  formed  directly  from  phyllocyanin  by  a  similar 
process.  The  spectrum  was  identical  with  that  of  the  zinc  compounds 
from  phyllocyanin. 

The  ferrous  groop  of  compounds  yield  solutions  of  a  pure  green, 
like  that  of  chlorophyll.  They  are  not,  however,  strikingly  flno- 
re-^cent,  and  when  exposed  to  sunlight  in  open  vessels  they  retain 
their  colour  unchanged  for  a  long  time.  The  group  may  be  divided 
into  two  snb-gronps :  the  first  sub-group  comprising  compounds 
into  which  one  of  the  fatty  acids — acetic,  pu4mitic,  or  oleic  acid — - 
enters  aa  a  constituent ;  the  other  eub-group,  such  as  are  formed  by 
the  action  of  citric,  malic,  or  phosphoric  acid.  The  members  of  the 
first  sub-group  show,  in  solution,  the  samo  spectrum,  consisting  of 
four  ill-defiued  absorption  bands,  with  much  obscuration  throughout. 
Tj  the  other  group  belongs  a  spectrnm  consisting  also  of  four  bands, 
which  are,  however,  differently  placed  and  more  distinct  than  with 
the  first  sub-group.  If  a  small  quantity  of  hydrochloric  acid  be 
added  to  an  alcobolic  solution  of  any  one  of  the  iron  compounds  the 
solution  acquires  a  blue  tint,  and  the  bands  are  now  found  to  have 
shifted  considerably  towards  the  blue  end.  This  effect  may  be  d>.e  to 
the  removal  of  a  portion  of  the  iron,  and  the  formation  of  compounds 
with  less  iron.  If  a  member  of  the  second  sub-group  be  taken,  the 
phosphate  or  the  malate  for  instance,  then  on  the  addition  of  hydro- 
chloric acid  a  spectrum  is  obtained  which  closely  resembles  the 
ordinary  chlorophyll  spectrum  as  reg'ards  the  number,  position,  and 
i-elative  strength  of  the  banda.  The  members  of  the  first  sub-group 
undergo  a  further  change  by  treatment  with  an  excess  of  hydro- 
chloric  acid  and   boiling,    but    the    resulting   product   is   not   phvllo- 
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All  the  members  of  the  iron  group  of  componnds  nndergo  a  peculiar 
change  by  the  action  of  ether.  When  the  alcoholic  solation  of  any 
one  of  them  is  mixed  with  its  own  volnme  of  ether,  the  green  colonr 
gradnallj  fades  and  gives  place  to  yellow.  All  the  bands  except 
that  in  the  red  disappear,  while  ajiother  fine  band  further  in  the  red 
makes  its  appearance.  At  length  the  two  bands  in  the  red  also 
vanish,  and  nothing  is  now  seen  but  a  considerable  obscuration  at  the 
blue  end,  due  to  the  presence  of  a  yellow  colouring  matter  in  solu- 
tion. The  change  resembles  that  wliich  is  seen  on  exposure  of  a 
chlorophyll  solution  to  air  and  sunlight;  it  takes  place,  however, 
quite  as  readily  in  a  closely  stoppered  bottle,  kept  in  the  dark,  as  in 
an  open  tube  exposed  to  light.  It  is  effected  more  rapidly  by  ordinary 
methylated  ether  than  by  pure  ether.  Benzol  and  acetone  act  in  the 
same  way  as  ether,  but  chloroform  and  carbon  disulphide  are  without 
effect. 

The  phyllocyanin  manganese  acetate,  which  is  obtained  by  adding 
manganese  acetate  to  a  solution  of  phyllocyanin  in  glacial  acetic  acid, 
differs  from  the  compounds  previously  described  by  its  solubility  in 
water.  It  also  dissolves  easily  in  alcohol,  but  less  readily  in  ether 
and  benxol.  Its  solutions  are  green,  like  those  of  the  iron  compounds, 
and  show  a  peculiar  spectrum.  It  is  not  changed  by  treatment  with 
lK)iling  hydrochloric  acid,  and  its  alcoholic  solution  remains  unaltered 
when  mixed  with  ether  or  benzol. 
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December  10,  1885. 

Professor  G.  G.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Fresentfl  received  were  laid  on  the  table  and  thanks  ordered  for 
them. 

The  President  announced  that  ho  had  appointed  as  Vice-Presi- 
dentB— 

The  Treasurer. 
Dr.  Archibald  Goikie. 
Sit-  Joseph  Hooker. 
ProfeBBor  Hnxley. 
General  Strachty. 

Dr.  John  Anderson  (elected  1879)  was  admitted  into  the  Society. 

Pursuant  to  notice,  ProfessorB  Adolf  Baeyer,  Felix  Klein,  A. 
Kowalewski,  and  Sven  Loven  were  balloted  for  and  elected  Foreign 
Members  of  the  Society. 

Tlie  following  Papers  were  read ; — 


1.  "  Preliminary  Result**  of  a  Conipariwou  of  certain  siraiiltaiicoiis 
Fliictuatioiis  of  the  Declination  at  Kew  and  at  Stonylinr«t 
during  the  Years  1883  and  1884,  as  recorded  by  the 
Magneto  graphs  at  these  ObseiTatories."  By  the  Rev. 
Stephen  Joseph  Perry,  F.R.S.,  Director  of  the  Stony- 
Inu-st  Obeervatorj-,  and  Balfour  Stewart,  LL.D.,  F.R.S., 
Professor  of  Phyaics  at  the  Owens  College,  Manchester. 
Received  October  31,  1885. 

From  a  comparison  made  by  Messra.  Sidgreaves  and  Stewart 
{"  Froc.  Roy.  Soc,"  October,  1868),  between  a  few  prominent  simul- 
taneous changes  of  declination  at  Kcw  and  at  Stonyhurst,  it  appeared 
that  the  ratio  between  the  magnitudes  of  such  changes  was  not  con- 
stant, but  depended  to  some  extent  upon  the  abruptness  of  the  dis- 
turbance. 

With  the  view  of  exainiuing  into  this  matter,  we  have  made  a 
£ouicn-hat  more  detailed  comparison,  selecting  for  this  purpose  some 
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of  the  best  marked  flnctuations  during  the  years  1883  and  1884,  both 
large  and  small,  abrupt  and  non-abrupt. 

There  are  two  ways  in  which  such  a  comparison  may  be  made,  the 
first  of  these  being  to  measure  the  vertical  difference  in  the  declina- 
tion curve  between  the  two  turning  points  of  a  fluctuation.  This  is 
the  method  which  we  have  pursued  in  this  investigation.  It  is,  how- 
•ever,  subject  to  the  objection  that  the  course  of  the  curve  between 
two  such  points  is  not  precisely  a  straight  line,  and  hence  that  this 
course  embraces  different  values  of  abruptness. 

On  the  whole,  however,  this  method  as  we  have  used'it  appears  to 
us  to  lead  to  definite,  and  we  think  not  inaccurate,  results.  The 
other  method  would  be  to  compare  together  the  simultaneous  rates  of 
change  of  the  declination  at  the  two  observatories,  selecting  for  this 
purpose  such  portions  of  the  records  as  present  the  appearance  of 
constant  slope,  that  is  to  say  are  straight  lines. 

This  method  we  have  not  hitherto  pursued,  but  it  is  possible  that 
we  may  do  so,  and  compare  it  with  the  other  in  a  contemplated 
future  research. 

It  is  unnecessary  to  give  a  description  of  the  magnetographs  at  the 
two  observatories,  suffice  it  to  say  that  both  declination  magnets  are 
as  nearly  as  possible  of  the  same  size  and  weight,  being  about 
5*5  inches  long,  0'8  inch  broad,  and  0*1  inch  thick. 

The  scale  of  the  arrangement  is,  however,  different  at  the  two 
•observatories  in  such  a  manner  that  at  Kew  1  mm.  of  scale  =  0'87', 
while  at  Stony  hurst  1  mm.  of  scale  =  1*13'.  It  would  thus  appeal* 
that  equal  vertical  curve-differences  at  Kew  and  at  Stonyhurst  are  to 
«ach  other  very  nearly  in  the  proportion  o^  1  to  1*3.  This  is  the 
proportion  which  we  shall  use  in  the  present  paper. 

For  the  Kew  results,  we  are  indebted  to  the  kindness  of  the  Kew 
Oommittee ;  of  Mr.  Whipple,  Superintendent  of  the  Kew  Observatory ; 
and  of  Mr.  Baker,  the  magnetical  assistant  there. 

In  the  following  table  (1)  we  have  embodied  the  actual  results  of 
the  various  measurements : — 
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We  do  not  know  of  a  single  instance  in  which  the  flnctoation  is  not 
in  the  same  direction  at  both  observatories. 

We  have  given  the  Q.M.T.  of  the  commencement  and  end  of  each 
fluctnation  at  each  observatory.  Practically  speaking,  the  times  at 
both  places  are  so  nearly  simultaneous  that  we  do  not  feel  justified  in 
asserting  that  they  are  not  quite  so.  Occasionally,  however,  there 
are  indications  that  certain  short  period  fluctuations  are  not  precisely 
of  the  same  duration  at  both  places.  In  what  follows  we  have 
I'ejected  such  cases ;  also  we  have  adopted  the  durations  as  recorded 
at  the  Kew  Observatory,  rejecting  however  all  cases  when  these  are 
less  than  five  minutes,  inasmuch  as  an  accurate  measure  of  duration 
is  essential  to  our  method. 

Let  us  now,  simply  as  a  conjecture  which  may  be  of  service  in 
indicating  the  best  method  of  treating  the  observations  of  Table  I, 
suppose  that  in  these  disturbances  two  causes  are  in  operation,  and 
that  the  result  is  due  partly  to  true  magnetic  changes,  and  in  part  to 
secondary  currents  caused  by  these  changes. 

Let  K  denote  the  whole  observed  value  of  the  disturbance  at  Kew, 
and  of  this  let  h  denote  the  portion  due  to  strictly  magnetic  change, 
also  let  ak(l>{t)  be  the  portion  of  the  whole  disturbance  caused  by 
secondary  action,  a  being  a  constant  which  may  conceivably  be  either 
positive  or  negative,  and  t  denoting  the  duration.  Hence  K  = 
A:(l+«0(<)).  In  like  manner  let  S  denote  the  whole  Stonyhurst 
change. 

We  are,  perhaps,  justified  in  putting  S  =  k(fi  +  70(0  )>  P  ^"^^  7 
being  constants. 

Hence  we  shall  have  =-=v  ;>  that  is  to  say,  =^   will   be  a 

K     1-|-«0(O  K 

function  of  the  duration. 

S 
It  thus  appears  that  the  value  of  —  will,  according  to  this  or  indeed 

K 

according  to  any  probable  hypothesis  of  this  nature,  be  independent 

of  the  values  of  S  and  El,  and  be  a  simple  function  of  the  duration. 

These  reasons  have  induced  us  to  construct  the  following  table  (II), 

S 
in  which  the  ratio  —  is  ascertained  for  disturbances  of  varying  dura- 

Ix 

tions. 
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itself.      In  it  we  bftve  embodied 
of  Table  I,  with  tbc  following  exe 

areoUj                        On  account  of  the  du 
ion.                              being  uuderQtemin 

[Dec 

the  var 
"ptioDs 

itra. 

10. 

,    08 

I 

From  Table  1 1  we  may  deduce  the  following  coDclnsions : — 
(1.)  J»  the  very  great  majority  of  caiee  the  angular  value  of  tlte  decli- 
nation ditlurbance  is  greater  for  Stoitylmrgt  than  for  Ketc. 
(2.)  The  ratio  —  ig  certainly  greater  for  dieturbancei  of  short  than  for 
•.  of  long  duration.      Our  observatitme  are  not,  however,  tuffi- 


cienlhj  extensive  to  enable  v 

a  function  of  the  duration. 
(3.)  As  far  ae  we  can  tell  frw. 

value  of  the  above  ratio  doi 

disturbance. 
We  trnst  to  make  on  a  f  ature 


to  represent  this  ratio  graphically  as 


a  limited  number  of  observattont  tite 
I  not  depend  on  the  magnitude  of  the 


lore  complete  comparison 
between  the  aimaltaneona  magnetic  fluctuations  as  derived  from  the 
curves  of  the  two  observatories . 

NOTB. — It  might  be  desirable  to  add  a  few  wordi  in  fuller  explaiution  of  the 
method  adopt«d. 

This  metliod  is  founded  on  the  implied  belief  that  diaturbancea  are  indications  of 
the  way  in  irbich  the  magnetic  earth  rights  itself  with  regard  to  the  forces  acting 
upon  it.  Our  experience  ii  that  such  disturbances  nerer  occur  singly,  but  Tcr; 
frequently  ae  coupteta  or  sots  of  couplets.  There  is  no  euch  thing  as  a  magnetic 
tableland  separated  from  anotlier  by  a  single  slope.  We  have  rather  a  riee  and 
IbcD  a  fall,  or  it  may  be  a  fall  and  tben  a  rise,  and  in  the  end  the  state  of  things, 
after  tlie  disturbance  lias  run  its  course,  is  not  greatly  diffareot  from  that  before  it 
i>egmn.     Tbi3  duality,  as  well  as  the  reaulU  of  this  paper,  would  lead  lu  to  imagine 
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that  Moondaiy  currents  mmt  hare  an  inSaeiice,  perhaps  a  powerful  one,  in  earning 
(listnrbaoces. 

In  order  to  Gi  tlic  mind,  let  as  here  imagine  that  thii  secondarj  cnrrent  influenc* 
(eihibited  probably  in  the  ihape  of  an  earth  i^uirent)  it  oppoaed  in  dim^ion  Ui  tlie 
Irue  magnetic  change.    We  Bhonld,  therefore,  expect  something  of  the  following 


r  E'ly  —  magnetic  chaiigu,  firat  mi 
ir  lyF' —  magnetic  change,  second 
)rD'C'  =  ?^. 


In  the  fint  of  these  diagrams  AB  denotm  a  true  magoetir  descending  cliange, 
trliile  ACB  is  the  obBeired  disturbance  couplet.  In  the  socond  ATB'  denotes  a 
tme  magnetic  ascending  obange,  while  A'C'B'  is  tb«  obserred  disturbance  oou^deC 

In  oar  Tarions  meunrenunts,  therefore,  it  ii  aseumed  that  we  paa*  from  a  point 
of  tio  diitorbance,  A  or  A',  to  anotlier,  0  or  C,  in  which  there  is  »  magneUe  change 
and  a  aaperposed  secondary  current  change,  or  front  •  point  in  whkh  these  two 
forcea  act  to  a  final  point,  B  or  £',  of  no  disturbance.  Now  th«  maximum  earth 
uDrrent  force  will  depend  upon  the  maximitm  rate  of  nugnetio  eluu)f[e.  This  masi- 
mimi  rate  we  cannot  tell,  but  we  may  Lmagine  it  to  be  proportional  to  the  mean 
rate  of  magnetic  change,  being  possibly  lepnaenled  in  an  approximate  manner  b; 
the  eipreasion — 


Hax.  cnrrent  force  •  a  oonstant  > 


~ — ^.  Inotlierwordf,o>i 


duntion 

funetions  of  the  text  would  be  replaced  by  the  expreasiotu  (taking  both  branebei  of 
theoujte)- 

S  =  i(^  =f|) 

It  would  appear  from  this  ae  well  at  from  the  diapams  that  the  firet  turn  of  a 
oouplcl  should  be  lese  than  the  second. 

The  reniilts  in  our  paper  cannot,  therefore,  be  regarded  as  a  final  analysis,  bat 
merely  as  being  of  sulBcient  intereet  to  demand  a  fuUor  inquiiy. — Norember  4th, 
1S86. 


Mr.  J.  W.  Gemmell. 


[Dec.  10. 


II.  "On  the  MagnetiBation  of  Steel,  Cast  Iron,  and  Soft  Iron" 
(being  the  iavestigatioQ  for  which  the  Watt  Pi-ize  of  1884 
was  awarded  by  the  Senate  of  the  University  of  Glasgow). 
By  John  W.  Gemmell.  Communicated  by  Sir  William 
Thomson,  Kt.,  LL.D.,  F.R.S.    Received  October  31. 1885. 

The  experimeDts,  of  which  tho  following  is  a  deacriptioo,  with  their 
resalts,  wei-e  performed  in  the  Physical  Laboratory  of  the  University 
i)f  Glasgow,  and  had  foi'  their  object  tho  fioding  of  the  difference 
between  specimeua  of  iron  and  of  steel  with  respect  to  the  intensities 
of  their  total  and  residual  magnetisation  due  to  diSerc^nt  degrees  of 
magnetising  force. 

The  specimens  consiated  of  (1)  wires  of  "  soft  Scotch  "  ii-on,  of 
"  common  wire,"  of  "charcoal  iron,"  and  of  "soft  ateel;"  and  (2)  bars 
of  cast  iron  and  of  malleable  iron.  The  wires  were  31  cm.  long  and 
0'5  cm.  in  diameter,  and  weighed  respectively  39'85,  39*9,  il'b,  and 
3B'5  grama.  The  bars,  two  of  which  were  of  aast  iron  procured  from 
different  foundries,  were  15'25  cm.  ling,  and  of  section  1  cm.  s(|iin,rc. 
The  -cast  iron  bars  weighed  each  114  grams,  and  the  malleable  iron  bar 
125  grams. 

The  arrangement  of  the  apparatus  employed  in  the  investigation  is 
shown  in  the  accompanying  diagram  (fig.  1).     The  magnetising  coil. 
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copper  wire  wound  on  a  copper  case  of  square  section  just  fitting  the 
bars. 

The  magnetising  current  passing  through  the  coil  was  obtained  from 
a  battery  of  Thomson's  traj  Daniells,  by  means  of  which  any  desired 
current  above  0*25  of  an  ampere  could  be  employed.  To  obtain  cur- 
rents ranging  fi*om  0  to  the  minimum  (0*25)  to  be  got  by  the  battery,  a 
resistance-box,  capable  of  inserting  any  resistance  up  to  10,000  ohms, 
was  placed  in  the  circuit  with  a  single  cell. 

The  strength  of  the  current  was  measured  by  one  of  Sir  William 
Thomson's  graded  galvanometei's,  represented  at  G,  a  full  description 
of  which  will  be  found  in  Mr.  Andrew  Gray's  "  Absolute  Measure- 
ments in  Electricity  and  Magnetism." 

A  reflecting  magnetometer,  M,  of  the  well-known  form  devised  by 
Mr.  J.  T.  Bottomley,  was  used  to  measure  the  intensity  of  magnetisa- 
tion. In  the  experiments  on  the  wires  it  was  placed  due  magnetic 
east  of  the  coil,  at  a  distance  of  1  metre  from  the  middle  point  of  its 
axis,  and  in  such  a  position  that  if  the  axis  were  produced  it  would 
pass  through  the  centre  of  the  mirror.  In  the  experiments  on  the 
bars  \\s  position  was  due  magnetic  north  of  the  coil. 

A  framework,  holding  a  lamp  L,  and  having  a  scale  S  of  half- 
millimetre  divisions  attached  to  it,  was  placed  in  front  of  the  mag- 
netometer at  such  a  distance  that  the  scale  was  exactly  1  metre  from 
the  magnetometer  needle.  The  light  from  the  lamp,  passing  through 
a  tube  T  in  front,  in  which  a  fine  wire  is  vertically  fixed,  is  reflected 
from  the  mirror  to  the  scale,  and  the  deflection  read  by  the  image  of 
the  fine  wire  in  the  middle  of  the  spot  of  light. 

The  results  in  these  experiments  w.ere  got  by  beginning  with  a 
feeble  magnetising  current,  which  was  increased  step  by  step  until  the 
maximum  obtainable  was  reached.  It  was  then  gradually  diminished 
to  zero,  when  the  direction  of  the  current  was  reversed,  and  the  same 
process  of  increasing  and  diminishing  repeated. 

The  magnetometer  readings  taken  while  the  current  is  flowing  repre- 
semt  the  efEect  upon  the  magnetometer  needle  of  the  joint  electromaf]^- 
netic  action  of  the  current  passing  through  the  coil,  and  the  magneti- 
sation it  produces  in  the  wire  or  bar.  Hence  the  efEeot  due  to  the 
magnetisation  of  the  wire  or  bar  alone  is  obtained  by  subtracting  from 
the  total  effect  the  magnetic  efEect  of  the  coil.  This  last  is  propor- 
tional to  the  current  flowing,  and  was  found  by  experiment  to  be  for 
the  "  wire "  coil  00385,  and  for  the  " bar  "  coil  00326  of  a  division 
of  the  magnetometer  scale  per  division  of  the  galvanometer  scale. 

The  results  of  the  investigation  are  shown  in  the  accompanying 
carves.  The  abscisssD  are  divisions  of  the  galvanometer  scale,  and  are 
thei'efore  proportional  to  the  magnetising  forces.  The  ordinates  are 
divisions  of  the  magnetometer  scale,  and  are  therefore  proportional 
to  the  magnetisation  produced.     The  curves  marked  A  represent  th<& 
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needle  may  be  regarded  as  at  its  centre  c.    Hence  the  total  attractive 
force  exerted  on  the  pole  s  ii 


F/(  _±_-_J_  1 ,  or  P/ -Jf!l_,  that  is /--?^^. 

We  find  similarly  that  the  pole  N  exerts  an  eqnal  repnlsive  force 
on  the  pole  n.     The  needle  is  therefore  acted  on  by  a  "  conple  " — 


2o/-r-s ST.  cos  0,  that  is  -r^ 5-3  cos  0, 


To  balance  this  we  have  another  ''conple/'  /H.2&sind,  that  is, 
mH  sin  0,     Hence,  equating  these  two  couples,  we  get — 

M=('^-»')'Htang (1.) 

2r 

The  value  of  H  at  this  point  was  found  to  be  0*16,  by  comparison 
with  a  particular  spot  in  the  laboratory,  for  which,  by  the  method 
fully  described  in  Mr.  Thomas  Gray's  paper  on  "  The  Experimental 
Determination  of  Magnetic  Moments  in  Absolute  Measure  "  (*'  Philo- 
sophical Magazine,"  November,  1878),  the  value  of  H  had  already 
been  very  accurately  determined.  Half  the  distance  between  the 
poles  of  the  wire,  represented  by  a,  zuay  be  taken  as  half  its  length, 
that  is,  15*5  cm.  The  angle  through  which  the  magnetometer 
needle  is  deflected  is  measured  on  the  half -millimetre  scale ;  and  for 
small  angles  tan  ^  =  ^  tan  20 ;  so  tan  0  is  got  by  dividing  the  scale 
reading  by  2r  in  half-millimetres,  that  is  by  4000.  By  substituting 
these  values  in  equation  (1),  we  find  that  the  magnetic  moments  are 
obtained  by  multiplying  the  readings  of  the  magnetometer  scale, 
which  in  the  curves  are  represented  by  the  ordinates,  by  the  factor 
19*110125.  The  magnetic  moments  per  gram  are  therefore  got  by 
multiplying  the  ordinates  in — 

Curves     I  and      V  by  0  '4795. 
II    „      VI  „  0-479. 
„      III    „    VII  „  0-4606. 
„      IV    „  VIII  „  0-4964. 

The  position  of  the  bar  with  regard  to  the  magnetometer  in  the 
experiments  on  the  bars,  is  shown  on  &g.  3. 

The  pole  N  of  the  bar  attracts  the  pole  s  of  the  needle  with  a  force 

^    ,  and  the  pole  S  repels  the  pole  »  with  an  equal  force.     The  , 


r^  +  a^ 

VOL.  XXXIX.  ^  ^ 
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I  resultant  of  these  two  forces  is  a  force  R,  parallel  to  tho  bar,  and  of 


A  force,  eqaal  and  parallel  to  this,  but  ia  the  opposite  direction, 
may  be  similarly  shown  to  act  on  the  pole  n  of  the  needle.  Thas  the 
needle  is  acted  on  by  a  "  coaple,"  the  value  of  which  is — 


2»/7 


M 


COS0,  thatis- 


To  balance  this"conple"  we  have,  aa  before,  another  "  conple," 
wiH  smfi.    Hence,  equating  these,  we  get — 

M=(r2+aS)IHtan(? (2.) 

Now,  in  theue  experiments,  r  is  100  cm.,  a  7'6  cm.,  and  H  was 
fonnd  to  be  0*155.     Snbstituting  these  values  in  equation  (2),  we 


('- 


n'13»N- 


[i'ia»s=^ 


=~fT 
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find  that  the  magnetic  moments  of  the  hara  are  got  bj  mnltipljing 
the  ordinates  bj  41*085378.  Therefore,  to  get  their  magnetic 
moments  per  gram^  we  have  to  multiply  the  ordinates  of  IX  and  X 
by  0-3604,  and  those  of  XI  by  0*3287. 

The  magnetising  force  is  evaluated  by  the  equation — 

P=4«^C (3.) 

where  n  is  the  number  of  turns  of  wire  in  the  coil  per  centimetre 
of  its  length,  and  G  the  current  strength  in  c.g.8.  units  passing 
through  it. 

The  abscissad  of  the  carves  are  scale  divisions  of  the  galvanometer, 
with  its  magnetometer  at  the  platform  division  32,  or  the  readings  at 
other  divisions  reduced  to  those  of  this  division.     Thus  the  abscisssB 

H 

multiplied  by^rr — ^-  represent  the  currents   in  absolute  measure. 

The  magnetising  force  F  is  therefore  obtained  from  the  curves  by 

H  H 

multiplying  the  abscissas  by  4wn  ---,  or  vn  — .     In  the  first  eight 

•     o^U  oO 

experiments,  n=45,  and  H=0*16  ;  thus  we  have  0*2828  as  the  factor 

for  reducing  the  abscissas  of  the  curves  I  to  YIII  inclusive.     The 

abscissae  of  curves  IX,  X,  and  XI  are  reduced  by  the  factor  0*224, 

n  being  37,  and  H  0*16. 

From  a  comparison  of  the  carves  Nos.  I  to  IV  inclusive,  it  will  be 
seen  that  the  "  charcoal  iron  "  has  the  highest  magnetisability,  and 
the  "soft  steel"  the  lowest,  while  that  of  the  "soft  Scotch  iron" 
approaches  Yerj  near  to  the  former.  With  regard  to  retentiveness, 
the  "  charcoal  iron  *'  shows  the  least,  and  the  "  soft  steel "  the 
greatest. 

Passing  on  to  curves  V  to  VIII  inclusive,  we  find  that  the  general 
effect  of  annealing  the  wires  has  been  to  lower  their  retentiveness, 
and  to  raise  their  magnetisability  for  all  forces.  In  the  "  soft  Scotch 
ii*on  "  wire  little  difference  has  been  made ;  but  in  the  others  the 
effect  is  very  marked,  and  is  most  noticeable  in  the  "  charcoal  iron '' 
wire  with  respect  to  its  magnetisability,  and  in  the  case  of  the  "  soft 
steel "  wire  with  respect  to  its  retentiveness.  Comparing  the  results 
of  these  eight  experiments  then,  we  find  that  the  specimen  which  has 
the  highest  magnetisability,  and  at  the  same  time  the  lowest  reten- 
tiveness, is  the  annealed  "charcoal  iron  "  (7).  Coming  next  to  this 
specimen,  in  both  respects  we  have  the  "  charcoal  iron  "  wire  (3),  and 
the  annealed  "common  wire"  (6),  between  which  there  is  little  or 
no  difference.  The  "  soft  steel "  wire  is  the  lowest  of  all  in  respect  of 
magnetisability,  and  highest  in  retentiveness.  Annealing  it,  however 
(8),  has  had  the  effect  of  bringing  it  very  close  to  the  "common 
wire  "(2). 

As  regards  the  bars,  the  second  specimen  ol  c«>aV.  vwya.V^^^^'Ooj 

^  ^^ 
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inferior  to  tbe  first  in  respect  of  magretisability.  The  malleable  iron 
bar  exhibits  a  very  mach  higher  Tca^uettBability  than  the  cast  ire 
bavB ;  and  its  residoal  magnetiaatioa  was  ho  low  that  it  coald  not  be  , 
observed  with  the  same  arrangement  of  apparatns. 

These  are  the  main  points  in  a  comparisoo  of  the  rcealts  of  ths 
experiments.  A  stndy  of  the  carves,  however,  reveals  many  points 
of  interest,  one  or  two  of  which  I  may  here  indicate. 

The  cnrve  beginning  from  the  zero  of  magnetisation  was  not  obtained 
in  all  the  experiments,  the  wires  having  been  previously  magnetised 
in  a  preliminary  teat ;  but  in  those  cases  in  which  the  smallest  mag' 
netiaing  forces  were  employed,  the  curve  of  resalta  is  seen  to  be  tor 
a  short  distance  concave  tuwai-ds  OY. 

Returning  again  to  the  small  magnetining  forces  after  having  pro- 
ceeded to  the  limit,  we  find  the  curve  first  becoming  concave  towarda- 
OY,  and  then  convex  just  before  it  crosses  that  line.  On  the  negative 
side  of  OY,  it  remains  concave  for  but  a  short  distance,  and  is  convex 
when  it  crosses  the  line  of  zero  magnetisation,  remaining  so  both  in 
the  direct  and  the  return  curves  until  we  again  near  the  zero  of  ( 
magnet«ing  force,  when  it  beeomen  concnve  for  ji  short  distance  t 
to  zero.  To  show  these  points  clearly,  the  central  portion  on  an 
enlarged  scale  has  been  affixed  to  each  set  of  curves. 

Turning  to  the  curves  for  the  residual  magnetisation,  an  interesting 
point  at  once  presents  itself.  This  is  a  loop  between  the  direct  and 
return  curves,  more  or  less  marked  in  m.0Bt  of  the  diagrams,  but  best 
seen  in  No,  IV.  A  similar  loop  is  seen  in  the  curves  of  total  magnet- 
isation in  Nob.  V  and  VII,  and  there  seems  to  be  a  tendency  to  form 
such  a  loop  in  all  these  curves.  Begarding  that  part  of  the  positive 
return  curve  which  represents  the  effects  of  the  small  magnetising- 
forces,  we  see  that  the  residual  magnetisation  first  begins  to  take  a 
greater  valne,  and  then  diminishes  again  just  before  the  zero  of 
magnetising  force  is  reached. 

I  shall  defer  any  discnssion  of  these  anomalies  until  I  have  made  a 
further  observation  of  them  under  conditions  more  suitable  for  their 
special  investigation. 


1885.]      MagtuHtation  of  Steel,  Cant  Iron,  and  Soft  Iron.  381 


ltft}5.]      Magjietitation  of  Steel,  Cast  Iron,  and  Soft  Iron.         383 


Mr.  J.  W.  GemmeU. 


[Deo.  II), 


1885.]      MofftietUation  of  Uted,  Coat  Iron,  tmd  Soft  Iron. 


jlv.J.W-G«"''»' 


l^-^Jeo,  10. 


1885.]        Limited  Hydration  of  Ammonium  Carbamate. 


387 


preBence  of  Bodinm  hydroxide,  yields  one-Half  of  its  nitrogen  in  the 
free  state,  the  other  half  remaining  in  the  form  of  sodium  carbamate— 

2OO(NH0(ONHJ+3NaClO+2NaOH=2CO(NH3)(ONa)+3NaCl 

+5OH2+N3. 

■Bodinm  hjpobromite  at  once  decomposes  sodium  carbamate,  evolving 
'|li  nitrogen  in  the  free  state— 

2CO(NHj)(ONa)+3NaBrO+2NaOH=2CO(ONa)3+3NaBr 

+  3H3O+NJ. 

Thiiy  in  &ct,  may  be  claimed  as  a  specific  reaction  for  carbamates— 
10  oilier  substance  yet  investigated  wiU  yield  nitrogen  when  treated 
k  niiii  a  bypobromite  after  the  completed  action  of  a  hypochlorite. 
Una  evolves  but  half  its  nitrogen  with  a  hypochlorite,  in  presence  of 
MQStic  alkali,  but  the  other  half  remains  as  a  cyanate,  which  is  not 
•flied  upon  by  a  bypobromite.* 

Bated  upon  this  reaction,  then,  we  have  a  direct  and  simple  method 
of  determining  the  amount  of  cai*bamate  existing  in  a  solution  at  any 
(iven  time. 

Since,  under  the  action  of  a  hypochlorite,  ammonium  carbamate 
yields  one-half  of  its  nitrogen  (t.e.,  that  present  as  ammonium),  it  is 
evident  that  any  excess  over  and  above  this  half  which  is  evolved 
from  its  solution,  is  a  measure  of  the  water  which  has  been  assimilated 
converting  the  carbamate  into  carbonate. 

For  the  sake  of  convenience  we  may  express  the  hydration  which 

occurs  in  terms  of  the  ratio  of  the  number  of  molecules  of  water 

assimilated  to  that  of  the  molecules  of  ammonium  carbamate  taken. 

Let  y  =  the  total  volume  of  nitrogen  contained  in  the  ammonium 

carbamate  taken,  and  V|  =  that  evolved  by  the  action  of  a  hypochlo- 

2V V 

rite  on   its  solution.     Then  the  above  ratio  evidently  =  — '^ — 

(since  one  atom  of  nitrogen  evolved  in  excess  of  the  half  total  corre- 
spends  to  one  molecule  of  water  assimilated,  and  two  atoms  of  nitrogen 
originally  present  represent  one  molecule  of  ammonium  carbamate 
taken). 

The  ammonium  carbamate  used  in  these  experiments  was  prepared 
by  the  direct  union  of  carefully  dried  ammonia  and  carbon  dioxide. 
The  apparatus  employed  in  the  estimation  of  the  evolved  nitrogen 
was  similar  to  that  described  in  a  former  paper  on  the  action  of 
Hypochlorites  in  Urea.* 

Experiments  were  undertaken  with  a  view  of  investigating  to  what 
extent  the  action  is  influenced  by  (1)  time,  (2)  mass,  (3)  tempera* 
ture,  and  (4)  to  study  the  reverse  action,  namely,  the  dehydration  of 
normal  ammonium  carbonate  into  ammonium  carbamate. 


•  "  Chem.  80c.  Jour.,"  33,  300. 


Weighed  qaantitiea  of  nmmoniam  carbamate  ^ 
water  and  the  Bolations  made  up  to  a  definite  volame.  Measured 
portions  were  then  withdrawn  and  examined  at  stated  intervals  hy 
treatment  with  sodium  hypochlorite  and  eodinm  hjdroside,  cai-e  being 
taken  to  employ  approximately  t)ie  Bamc  qnantJtios  of  reagents  for 
each  experiment  of  the  series.  The  times  were  reckoned  from  th© 
moments  of  complete  solntion  of  the  salt. 

6'2873  grams  ammonium  carbamate  were  dissolved  in  water — the 
solution  made  up  to  ICK)  c.e.  and  6c.c.  (corresponding  to  031437  gram 
of  carbamate)  taken  for  each  oiperiment.  Theory  for  total  nitrogen 
=  90-20  0.0. 

o.o.  of  Nitrogen 
HmntM. 


10 


After  a  further  interval  of  about  24  hours,  72'28  c.c.  of  nitrogen 
vere  evolved.  Similar  experiments  were  made  with  a  weaker  solu- 
tion, namely,  one  containing  4'8?8I  grams  of  ammonium  carbamate 
in  250  c.c. ;  10  c.c.  were  taken  for  each  determination,  corresponding 
to  0'1951  gram  of  carbamate,  and  to  a  total  of  55'96  c.c.  of  nitrogen. 


Intorrsk 

(coTwctod). 

1     

...     6416    .... 

. , . .     0  2008 

3     

...     SO  71     .... 

...     0-2375 

4     

...     60 '37     .... 

...     0  -3386 

8     .... 

...     66  04    .... 

...     0  -4644 

12     .... 

...     6860     .... 

...     0 .5211 

20    .... 

...     71-44     .... 

...     0 .5842 

24    .... 

...     7208     .... 

...     0  -5983 

S2     

...     72-72     .... 

...     0-6125 

lDl«r™lB. 
1     

...     35  09     .... 

Eydntion 
...     02536 

2     .... 

...     38-72     .... 

...     0-3833 

4    .... 

...     «).91     .... 

...     0  -4615 

8     

...     43-20     .... 

...     0-5434 

12     

...     45-70     .... 

. . .     0-6327 

24    

...     47-47     .... 

...     0  -6960 

44    

...     47  57     .... 

...     0  -6995 

220 

After  about  24  hours  47*96  c.c.  of  nitrogeu  were  obtained. 

It  is  evident  from  these  results  that  the  action,  which  proceeds 
rapidly  at  first,  becomes  progressively  slower,  and  finally  reaches  a 
limit  short  of  complete  hydration. 

The  time  required  to  reach  a  determinate  state  of  hydration  is 
evidently  greater  for  a  strong  solution  than  aweak  one,  i.e.,  decreases 
as  the  relative  Dumber  of  water  molecules  increases. 
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II.  Influence  of  Mass, 

8*3272  g^ms  of  ammoninm  carbamate  were  dissolved  in  water  and 
the  solution  made  up  to  100  c.c.     (Solution  A.) 

25  CO.  of  solution  A  were  made  up  to  50  c.c.     (Solution  B.) 
25  c.c.  of  solution  A  were  made  up  to  250  c.c.     (Solution  G.) 
The  relative  strengths  were  therefore  A  :  B  :  C  :  :  I  :  i  :  -ny. 
The  solutions  were  set  aside  for  four  days  in  carefully  stoppered 
flasks  and  under  similar  conditions.    Volumes  of  each  solution  which 
corresponded  to  equal  masses  of  ammonium  carbamate  were  then 
withdrawn — namely,  5  c.c.  of  A,  10  c.c.  of  B,  and  60  c.c.  of  C,  repre- 
senting 0*41636  gram  of  carbamate — and  examined  by  the  hypochlo- 
rite method  in  the  usual  way. 

5  c.c.  of  A  gave    95*  73  c.c.  N  (corr.). 
10      „      B      „      99-99 
50     „      C      „    110-60  „ 

In  order  to  be  certain  that  the  equilibrium  state  had  been  arrived 
at,  the  same  solutions  were  again  examined  after  a  further  interval  of 
two  days,  when 


5  c.c.  of  A  gave    95*35  c.c.  N  (corr.). 
10      „      B      „      99-96 
50     „      C      „    110-83 


8  howing  that  the  limits  had  beeif  reached  in  the  former  experiments. 
These  numbers  correspond  to  the  hydrations — 

A     0  -5963 

B 0  6735 

C     0-8550 

In  order  farther  to  confirm  these  results,  the  residues  from  the  last 
experiments,  after  the  completed  action  of  the  hypochlorite,  were 
treated  with  sodium  hypobromite  in  order  to  estimate  the  nitrogen 
remaining  as  carbamate. 

Residue  from  A  gave  22*02  c.c.  N  (corr.). 
„  „     B      „    17  -50  „ 

„  n     C      „      8  -01  „ 

making  the  totals — 

A      117  37  c.c.  N  (corr.). 

B      117*46  „ 

C      118*84 


>» 


theory  for  0*41636  gram  ammonium  carbamate  requiring  119*46  c.c. 
There  is  always  a  loss  of  about  8  per  cent,  of  nitrogen  in  estimations 


I^H^^^^I^^^H 
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II.  Feutou. 
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I      with  hypobrom 
be  Btill  closer. 

te"  :  if  this  correction  be  applied  the  agreement  will  1 

In   order   to 

facilitate   the  in 

terpretation  of 

the  reanlte,    farther 

experiments    were   made   in  the  same  direction,  nsing   mistores  of    ' 
carbamate  and  water  in  simple  ratios  of  their  molecular  weights.              ' 

Mols.      Uali. 
of            of 

(a)  0-3370  grain 
(*)   0-1836 
(«)    0-1307          .. 
(-/)  0-1048 

m.cBa-b.  with  15-09 
12-71 
12-06 
12  02 

I      :     300 
1      :      400 
1     t     500 

After  standing  for  some  days  under  similai'  conditions  the  following 
results  were  obtained  :— 

-llir' 

Theory  for  toUl 
nitrogen. 

Hydration. 

(a)     .. 

...     8202     ... 

. . .     93-80    . . 

...     0 ■ 7487 

L               (h)     .. 

...     47-29    ... 

...     52-66     .. 

...     0  -7962 

...     34-57    ... 

...     37-49     .. 

...     0  -8447 

W     -. 

...     C8-62     ... 

..     29-89     .. 

...     0-9150 

Another  experiment  was  made  in  which  the  ratio  of  the  molecular 
weightB  was  nearly  1  :  1,  namely,  0-2614  gram  ammonium  carbamate 
with  00632  gram  water.  After  standing  for  two  days,  49'52  c.c. 
nitrogen  (corr.)  were  obtained — theory  for  total  nitrogen  requiring 
75  0  c.c.     The  hydration  was  therefore  0-3187. 

It  follows  from  the  above  results  that  the  hydration  is  a  function  of 
the  number  of  water  molecules  present.  So  far  the  minimum  hydra- 
tion corresponds  to  the  ca«e  in  which  the  substances  are  present  in 
about  equal  molecular  proportions,  and  is  in  this  respeot  analogous  to 
the  combination  of  iodine  with  hydrogeuf  and  of  phoaphorns  trichlo- 
ride with  chlorine. J  From  analogy  it  was  to  be  expected  that  the 
hydration  would  again  increase  as  the  ratio  of  the  ammoniam  carba- 
mate molecules  to  those  of  water  increased  ;  but  the  experiraeat 
cannot  be  made  under  the  same  conditions  as  those  above,  since  with 
any  appreciable  excess  of  the  carbamate  the  water  is  insufficient  to 
completely  moisten  the  solid. 

III.   Influence  of  Temperature. 

The  above  results  may  be  taken  as  representing  the  phenomena 

which  occur  at  about  20 — 22°  C,  from  which  the  temperature  varied 

but  little  throughout  the  experiments. 

•  EusseU  and  West,  "  Chem.  Soc.  Jour,,"  27,  749. 

t  LeinoiiiB ;    "  fiquilibrei    Chimiquea   entre    I'Hydrogine    Bt    I'lodo    Giuvaui." 
••Ann.  CTiem.  Phjs."  [5],  lii.  146. 
;  Wurtz,  "Comptej  RonduB,"lxivi,  602, 
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In  order  to  gain  some  idea  as  to  the  effect  which  temperature 
might  have  upon  the  action,  two  equal  volumes  of  an  arbitrary  solu- 
tion of  ammonium  carbamate  were  taken  and  kept  in  sealed  vessels, 
one  at  the  temperature  of  the  room — about  15°  C,  and  the  other  in 
melting  ice.  After  about  five  hours  the  solutions  were  examined  by 
the  hypochlorite  method,  taking  care  to  keep  the  apparatus  in  each 
case  as  nearly  as  possible  at  the  respective  temperatures. 

Solution  at    0°  C.  gave  68  0  c.c.  N  (corr.). 
,,        15        „        79 '4  „ 

Similar  pairs  of  experiments  were  made  with  another  solution  at 
stated  intervals,  equal  volumes  being  measured  out  in  the  first 
instance  and  then  subjected  to  the  respective  temperatures  in  sealed 
vessels. 

After  30  minuteB  solution  at  0°  gave  63  *7  c.c,  solution  at  15^  gave  76  '2 

„       Ihour  „  „  73  0  „  „  83-2 

2  hours         „  „  74-0  „  „  88  9 

„       4    „  „  ,.  76-3  „  „  90-6 


The  hydration  is  therefore,  in  all  cases,  less  at  the  lower  tempera- 
ture. 

The  minimum  hydration  will  probably  occur  at  a  sufficiently  low 
temperature,  and  when  the  substances  are  present  in  equal  molecular 
proportions.  A  mixture  was  made  of  0*6199  gram  ammonium  car- 
bamate with  0*1424  gram  of  water — corresponding  almost  exactly  to 
equal  molecular  weights.  This  mixture  was  kept  in  a  sealed  tube 
placed  in  a  block  of  ice  for  18  hours,  when  it  may  be  safely  assumed 
that  the  equilibrium  state  was  arrived  at.  It  was  then  examined  by 
the  hypochlorite  method  (the  apparatus  being  kept  at  about  0**  C. 
throughout),  and  yielded  95*90  c.c.  of  nitrogen  (corrected).  Theory 
for  total  nitrogen  requires  177*1  c.c,  so  that  the  hydration  is  repre- 
sented by  0-0830. 

Probably,  at  a  sufficiently  low  temperature,  the  hydration  would  be 
practically  nil,  when  the  substances  are  present  in  molecular  pro- 
portions— i.e.,  ammonium  carbamate  and  water  would  practically  not 
combine  at  all — ^resembling  the  cases  of  phosphorus  trichloride  and 
chlorine,  <fec.,  at  sufficiently  high  temperatures. 

IV.  Dehydration  of  Normal  Ammonium  Carbonate. 

The  salt  was  prepared  by  the  method  of  Divers.*  About  5—6  grams 
of  it  were  dissolved  in  water,  and  the  solution  made  up  to  100  c.c.  (A). 
Portions  of  this  solution  were  diluted  to  ^  (B)  and  -j^  (C).  Aiter 
two  days — 

•  "  Chem.  Soo.  Jour.,"  23,  179. 
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6  c.c.  of  A  gave  35  54  c.c.  N  (corr.) 
10      „      B     „    3810 
60      „      0     „    40-86 

Eqaal  volumes  of  anotter  Bolntion  were  eaamined  at  intervala,  witli; 

the  following  resnlta  : — 

After    5  minutes         67  ■  94,  o.c.  N  (corr.)  were  evolved. 
„     40       „  66-73 

„     about    3honra62-52  „  „ 

„     24      „      G2-28 

These  rosnite  indicate  that  noi-mal  amoionitiin  carbonate  unctorgoe* 
dehydration  into  carbamate  wlieii  in  solution,  and  that  the  dehydra- 
tion is  greater  as  the  relative  nnmber  of  water  molecalca  ia  less. 

The  instability  of  noi'mal  ammonium  carbonate,  and  the  difficulty, 
of  obtaining  it  fi'ce  from  adhering  impurities  has,  for  the  present^' 
prevented  me  from  making  more  extended  observations  on  this  parb 
of  the  subject.  It  seems  not  anlikely,  that  if  the  eame  relatiro' 
number  of  molecules  could  be  started  "with,  the  same  cqnilibrinitf 
state  between  cai'bamate,  carbonate,  and  water,  woukl  be  jirrived  at 
for  the  same  temperature,  whether  ammonium  carbamate  or  normal 
carbonate  were  initially  taken— that  is,  that  the  curves  of  hydration 
and  dehydration  wonid  meet  at  the  same  point.*'!  hope  before  long  to 
be  able  to  make  experiments  in  this  direction.  ^ 

Since  thei'e  is  this  tendency  for  ammonium  carbonate  to  become  in 
part  dehydrated  in  aqueous  solntion,  and  for  the  system  to  come  to  a 
state  of  equilibrium  where  the  carbamate  and  carbonate  co-exist,  it 
seems  probable  that  the  hydrolysis  of  ui-ea,  under  the  action  of 
ferments,  &c.,  may  be  less  simple  than  is  usually  represented — that 
the  reaction,  instead  of  being  simply  CO(NH3)2  +  2HsO=CO(ONH^)3, 
may  be  of  the  following  type : — 

»CO(NHj)j  +  (2n-m)H20=mCO(NHsXONHJ  +  (M-m)CO(ONH,)3. 

I  propose  to  attack  this  subject  by  the  same  method  as  those 
employed  above. 

By  means  of  the  actions  of  sodium  hypochlorite  and  hypobromite 
it  is  evidently  possible  and  easy  to  estimate  quantitatively  urea, 
carhamic  acid,  and  ammonia,  when  all  ai-e  present  in  the  same 
solution. 

Take  two  equal  portions  of  the  solntion  to  be  examined,  ti'eat  one 
with  sodium  bypobromite,  and  let  the  volume  of  nitrogen  evolved 
(corrected  for  loss)  =Vi. 

Treat  the  other  portion  with  sodiam  hypochlorite,  and  let  Tj  = 
volume  uf  nitrogen  obtained. 
Act  upon  tie  residae  from  this  last  experiment  with  sodium  hypo- 
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bromito,   and    let  Vj   represent  the   Toliune  of  nitrogen   given 
(corrected). 

Let  a!=Toliime  of  nitrogen  dne  to  nrea. 
„  y=:  „  „  ammonia. 

„  E=  „  ,.  carbamic  acid. 


(1.) 

(2.) 
(3.) 


'=V,. 


A  preliminary  trial  of  this  method  with  a  mixture  of  nrea  and 
ammonium  carbamate  gave  voiy  satiefactory  results. 

It  appears  to  me  that  no  really  satisfactory  method  has  hitherto 
been  known  by  which  carbamic  acid  conld  be  detected  and  estimated 
in  presence  of  nrea  and  ammonia,  so  that  the  process  indicated  above 
may  perhaps  be  of  service  in  investigations  bearing  on  the  formation 
of  urea  in  the  animal  body,  and  its  origin,  whether  carbamic  or 
otherwise. 


^* 


Prof.  .1.  VV.  Jildil.  [Dec.  10, 
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IV.  "On  the  Relation  of  the  Eeptilit'erous  Sandstone  of  Elgin 
to  the  Upper  Old  Red  Sandstone."  By  Prufeasor  JomJ  W. 
JUDD,  F.R.S..  Sl'c.  G.S.     Received  November  19,  1885. 

The  question  of  tlie  geological  age  of  the  yellow  aandstones  oE  the 
district  lying  to  tlie  north  ut  the  citj  of  Elgin  has  been,  as  is  well 
known,  the  sabject  of  very  animated  discnssions  among  geologists. 
Some  have  eveo  gone  so  fur  as  to  assert  that  the  ovidence  on  the 
question,  which  hus  been  adduced  by  palteontologists,  is  absolutely 
incapable  of  reconciliation  with  that  relied  upon  by  atratigraphists. 

Until  the  dieiovery  of  Ibaails  in  the  beds  in  question,  it  was  quite 
natural  to  snpposc  that  these  white  and  yellow  sandstones,  which 
locally  assume  reddish  tints,  ai'e  part  and  parcel  of  the  Upper  Old 
Bed  Sandsione — a  formation  presenting  somewhat  similar  mineral 
character,  and  covering  a  considerable  area  in  the  district.  This 
was  the  view  which  was  taken  by  Murchison  and  Sedgwick,  Dr,  Mal- 
oolmaon,  Dr,  Gordon,  Mr.  A.  Robertson  of  Invemgio,  Captain  Brick- 
i-nden,  Mr.  Patrick  Duff,  Mr,  Martin,  and  indeed  of  all  the  geolf^sta 
who  at  first  studied  the  relations  of  the  rocks  in  Morayshire, 

But  when  fossils,  which  proved  to  be  of  great  interest  and  impor- 
tance  both  to  the  geologist  and  the  biologist,  were  detected  in  this 
formation,  a  carefnl  re- examination  of  the  evidence  relied  upon  by 
these  geological  pionetrs  was  called  for.  The  nature  of  these  remark- 
able fossils  was  indeed  calculated  to  awaken  the  gravest  doubt  as  to 
the  correctness  of  the  commonly  ■■eceived  opinions  concerning  the 
position  in  rhe  geolotfical  series  of  the  strata  which  yielded  them. 

In  1844  Mr.  Patrick  Duff  obtained  from  the  quarries  at  Lossie- 
mouth, near  Elgin,  a  cast  of  portion  of  the  dermal  covering  of  an 
organism  of  considerable  size.  Drawings  of  this  fossil  were  sent  by 
Mr.  A.  Robertson,  of  Jnverugie,  to  Agasaiz,  and  were  by  that  natu- 
ralist deHcribc'd  unr'er  the  name  of  Stagotiolepis  JUihertsoni*  Agassiz 
regarded  the  foi-sil  as  t)  e  impression  of  the  scales  of  a  ganoid  fish  allied 
to  MegalieMlys  and  Glyplopomui.  Six  years  later,  in  18&0,  Captain 
Brickenden  .■htaineii,  Irum  qnarries  in  the  same  rock,  at  Cnmmings- 
towu,  a  aeries  of  remarkiible  footprints,  which  were  believed  by  most 
paliBontologist.s  to  indicaie  the  existence  of  reptiles  at  the  time  when 
the  beds  wciv  deposiicil ;  and  in  the  following  year  Mr.  Patrick  Duff 
obtained  fioui  the  Spjnie  quarries  the  skeleton  of  a  amall  Lacertilian, 
which  was  dei-cribed  by  Mantell  nnder  the  name  of  Telerjieton 
Slginense.-Y     Sliorlly  iifrer  this,  many  more  footprints  were  detected 

•  "MonoETiiphie  des  i  oispona  Fosiiles  du  Tieui  Otria  Bouge,  4c."  (1844-5J, 
p.  139. 

y-  "Quart.  Jotirn,  Gcol,  S«-.,"  toL  Tiii  (18B2),  p,  97. 
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in  the  quarries  about  Cammingstown  and  Hopeman,  and  casts  of  the 
dermal  armour  of  Stagonolepis  were  obtained  from  Findrassie,  a  little 
to  the  south-west  of  Spynie. 

In  1858,  Professor  Huxley  made  the  important  announcement  that 
Stagonolepis  was  not  a  fish,  as  supposed  by  Agassiz,  but  a  Crocodilian ; 
at  the  same  time  stating  that  he  had  recognized  the  remains  of  a  third 
species  of  reptile  among  fossils  sent  to  him  by  Dr.  Gordon  from 
Lo8siemouth  ;  this  new  reptile  subsequently  received  the  name  of 
Hyperodapedon  Oordoni* 

In  1867  the  same  author  was  able  to  demonstrate  from  fresh  and 
better  preserved  specimens  which  had  been  discovered  at  Lossie- 
mouth, that  Telerpeton  was  not  only  a  true  Lizard,  but  one  of  a  very 
specialised  type  ;t  and  two  years  later  he  gave  a  full  description  of  the 
structure  and  zoological  position  of  Hyperodapedony  showing  it  to  have 
been  a  Lacertilian  having  affinities  with  the  recent  Sphenodon  and  the 
Triassic  Bhynchosaurus ;  he  was  also  able  to  announce  the  discovery 
of  remains  of  the  same  genus  in  the  Keuper  of  Warwickshire  and 
Devonshire,  and  in  the  Maledi  (Trias)  beds  of  India.  { 

The  year  1877  was  marked  by  the  publication  of  Professor  Huxley's 
Monograph  on  Stagonolepisy  in  which  he  referred  to  an  interesting 
cast  of  a  jaw  from  the  Findrassie  quarry,  to  which  he  gave  the  name 
of  DasygncUhus  longidens.  This  rather  obscure  fossil,  it  was  shown, 
might  possibly  be  referable  to  the  fishes  or  Labyrinthodonts,  though 
it  presents  some  points  of  resemblance  with  the  Dinosaurs. § 

In  the  year  1884  I  saw  in  the  Elgin  Museum  the  cast  of  a  skeleton 
which  had  recently  been  obtained  from  a  quarry  newly  opened  near 
Elgin,  and  to  be  more  particularly  referred  to  in  the  sequel.  This 
fossil  appeared  to  me  to  be  so  different  from  all  the  remains  hitherto 
found  in  the  formation,  that  I  obtained  an  impression  of  it  and  sub- 
mitted it  to  Professor  Huxley,  who  recognised  in  it  certain  characters 
distinctive  of  the  Dinosauria.  From  the  same  quarry  a  skeleton 
apparently  belonging  to  another  lizard,  distinct  alike  from  Telerpeton 
and  Hyperodapedon,  with  portions  of  the  skeleton  of  the  last-men- 
tioned genus,  were  also  obtained. 

Returning  to  Elgin  in  the  autumn  of  the  present  year,  I  was  told 
by  my  friend  Dr.  Gordon  that  another  reptilian  specimen,  including 
the  skull  and  some  other  parts  of  the  skeleton,  had  been  found  in  the 
same  quarry.  On  examining  this  specimen  I  at  once  saw  that  it 
exhibited  the  characteristic  features  of  Dicynodon,  and  my  opinion  on 
the  subject  was  confirmed  by  my  friend   Dr.  Traquair,  F.R.S.,  of 

•  *'  Quart.  Journ.  aeol.  Soc,"  Yol.  xt  (1859),  p.  440. 
t  Ibid.,  Tol.  xxiii  (1867),  p.  77. 
J  Ibid.,  Tol.  XXT  (1869),  p.  138. 

§  "  Memoirs  of  the  Geological  Surrey  of  the  United  KiDgdom,"  Monograph  III 
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Edinburgh,  who,  at  tny  rcquent,  proceeded  to  examine  the  e^ 
A  second  example  of  tbe  Fiame  genua  has  :^iuce  been  diacoyered,  aud  I 
Iraat  that  ere  long  a  full  deecription  of  this  interesting  addition  to 
oar  British  fossils  will  be  given  by  Dr.  Tmqnair. 

In  addition  to  these  fiicts,  I  may  add  that  casts  of  teeth,  nndia- 
tinguishablc  from  thoae  of  Oeratodii»,  were  some  time  ago  obtained    !■ 
from  the  Spynie  qnarries.  I! 

The  present  state  of  the  palwon  to  logical  evidence  concerning  the 
uge  of  the  beds  then  in  as  follows.  Tbe  strata  have  yielded  the 
remains  of  no  less  than  four  orden  of  reptiles,  all  of  them  belonging 
to  forma  vory  different  to  any  which  have  been  found  in  Palteozoic 
i-ocks.  Tbe  Lacertilia  are  i-epresented  by  Telnrjieton,  Hijperodapedon, 
and  an  undescribed  form;  Crocodilia  by  Slagcmolepi* ;  Dinosaurin 
by  an  undescribed  skeleton  and  possibly  by  DaaygnaOius  ;  and  Dicy- 
nodontia  by  two  individuals  belonging  to  the  type  genus  of  the  order. 
In  addition  to  these  we  have  a  great  nnmber  of  footprints  differing 
so  greatly  in  form  and  size  that  they  must  probably  have  been  mode 
bycreatui-ea  of  very  diffei-ent  proportions  and  organisation.  Pixjfessor 
flniley  in  his  later  researches  on  tbe  subjects  of  these  footprints*  points 
oat  the  necessity  of  the  greatest  caution  in  any  attempts  to  con-elate 
them  with  either  of  the  reptiles  whose  skeletons  have  been  found  in 
the  same  formation  ;  indeed,  he  hesitates  as  to  whether  the  most  per- 
fectly preserved  of  them  should  be  referred  to  Amphibians  or  to 
representatives  of  one  or  other  of  the  orders  of  Reptilia.  Among 
the  less  pei-fect  of  the  markings  in  these  and  other  rocks  of  the 
Elgin  disti'ict,  there  are  not  a  few  concerning  which  I  have  serious 
doubts  whether  they  are  to  be  aacril>ed  to  vertebrate  animals  at  all. 

It  will  be  seen  from  this  summary  that  the  palffiontological  evidence 
in  favour  of  tbe  Triasaic  ago  of  the  Elgin  sandstones  is  now  absolutely 
ovem'helming.  Besides  the  remains  of  Hyp&rodaped(/n  a-nd  Dinnjttodon, 
genera  which  appear  to  be  confined  to  Triassic  sti-ata,  in  districts  so 
widely  separated  as  South  Africa,  India,  the  Ui-al  Mountains,  and  the 
Bi'itish  Islands,  we  have  Slagonolepu,  a  ci'ocodile  with  Mesozoic 
affinities,  the  highly  organised  Teleipeton,  and  Dinosaurs;  the  last 
mentioned  having  never  been  found  in  any  rocks  older  than  Trias. 
Geralodug,  too,  bos  usually  been  regarded  as  having  commenced  in 
the  Trias,  though  it  must  be  admitted  that  difficulty  may  exist  in 
separating  the  cast  found  at  Spynie  from  Cteiiaihis,  which  occurs  in 
the  Carbon  if  ei«na,  or  Dipteiiis,  which  occurs  in  the  Devonian. 

There  are  certain  facta  concerning  the  distribution  of  these  fossils 
in  tbe  formation  where  they  occnr,  to  which  it  may  he  instructive  to 
refer  as  bringing  out  into  strong  relief  the  imperfection  of  the 
geological  record.  The  footprint*,  which  are  ho  abnndant  at  Cum- 
mingstown  and  Hopcman,  would  appear  to  have  been  seldom,  if  ever, 
■  "Mem.  Gcot.  Sunej,"  Monograph  III,  pp.  45-51. 
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found  in  the  qnarries  where  the  bones  and  scutes  occur.  All  the 
specimens  of  these  bones  and  scutes  which  have  been  obtained  at 
Lossiemouth  seem  to  have  occurred  in  a  single  course  of  rock  at  the 
bottom  of  the  quarries,  where  the  useful  building  stone  ceases.  All 
the  specimens  obtained  from  this  locality  seem  to  belong  to  Stagono- 
lepiSf  Hyperodapedon,  and  Telerpeton,  In  the  new  quarry  near  Elgin, 
however,  neither  Stagonolepis  nor  Telerpeton  has  been  found,  but 
Dinosaurs  and  Dicynodonts  occur. 

Let  us  now  inquire  what  is  the  nature  of  the  stratigraphical 
evidence  which  has  been  regarded  as  opposed  to  the  palceontological 
arguments  in  favour  of  the  Triassic  age  of  this  formation.  At  the 
outset  it  is  necessary  to  bear  in  mind  two  very  important  circum- 
stances. First,  The  exposures  of  the  Beptiliferous  Sandstone  and 
of  the  Upper  Old  Red  in  the  district  are  more  or  less  isolated,  the 
greater  part  of  the  country  being  thickly  covered  by  drift  and  othei* 
superficial  deposits.  Secondly,  The  whole  of  the  rocks  in  the  district 
exhibit  evidence  of  having  undergone  great  disturbance ;  this  is 
shown  by  their  steep  inclinations,  and  by  the  foldings  and  fractures 
which  can  often  be  recognised  in  the  qnarries  opened  in  them. 

The  Beptiliferous  Sandstone  makes  its  appearance  at  the  surface  in 
two  parallel  ridges,  ranging  from  north-east  to  south-west  for  a  dis- 
tance of  about  nine  miles.  The  most  northerly  of  these  ridges  extends 
from  Brandenburgh  to  Burghead.  Although  the  rocks  are  well 
exhibited  both  in  sea-cliffs  and  in  reefs  on  the  shore,  the  only  fossils 
obtained  from  them  are  the  footprints  of  the  Gummingstown  and  Hope- 
man  quarries,  near  the  south-western  extremity  of  the  ridge,  and  the 
remains  of  Stagonolepis^  Telerpeton^  and  Hypei'odapedony  found  in  a 
single  bed  at  Lossiemouth,  at  its  north-eastern  end.  A  tract  of  about 
three  miles  wide,  thickly  covered  by  superficial  deposits,  completely 
isolates  the  northern  or  coast  lidge  from  the  southern  one,  which  is 
known  as  the  Quarry  wood  ridge.  In  this  Quarry  wood  ridge  the  Beptili- 
ferous Sandstone  is  only  found  along  its  northern  face  for  a  distance 
of  about  three  miles.  The  southern  slope  of  the  ridge  is  composed  of  the 
ordinary  rocks  of  the  Upper  Old  Bed  Sandstone,  containing  HoUj- 
ptychius  7iobilissimus  Ag.,  with  species  of  Glyptopomus  and  Pterichthytf. 
There  is  no  evidence  of  the  occurrence  of  Triassic  strata,  either  along 
the  southern  slopes  of  the  Quarrywood  ridge  or  in  the  district  lying 
still  further  south  about  the  city  of  Elgin.  The  localities  in  which 
the  sandstone  containing  reptiles  has  been  found  along  the  northern 
slope  of  the  Quarrywood  ridge  ai^e  as  follows : — ^At  Spynie,  which 
may  be  regarded  as  a  north-eastern  prolongation  of  the  Quarrywood 
ridge,  the  deep  quaiTies  have  yielded  Telerpeton,  Hyperodapedon,  and 
Cpratodm.  At  Findrassie  Wood,  a  mile  and  a  half  further  to  the 
south-west,  a  quarry  now  abandoned,  has  yielded  Staganolepis  and 
Dasygnathus.     Lastly,  the  quarry  near  the  top  of  the  T\d^<&^  ^iws^^ 
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New  Spynie  Churcli,  and  a  mile  and  a  half  still  fnrtber  to  tbe  south.- 
west  than  Findi-assie,  liiw  yielded  H'jpfroiiapedon  and  another  IiEard 
with  a  Dinosanr  and  a  Dioyoodont. 

The  difference  in  mineral  characters  between  the  Triasaic  Sn.Dd- 
Btone  on  the  northern  eide  of  the  Quaii-ywood  ridge  and  the  Upper 
Old  Red  Sandstone  on  its  sonthern  Face  is  certainly  not  a  very  I 
etiiking  or  well-marked  one.  Bnt  this  is  a  eircamstance  at  which  no  I 
geologist  who  is  in  tbe  habit  of  studying  the  Old  and  the  New  Red 
Sandstone  will  be  surprised,  Neverthelesfi,  a  carefnl  Hlnijy  of  the  two 
sets  of  rocks  shows  that  there  are  appreciable  differeucea  between  them, 
and,  as  a  matter  of  fact,  pmctised  observers  like  Dr.  Gordon  seldom 
find  any  real  difficnlty  in  prononnciajr  at  a  glance  whether  any  par- 
ticular maHs  of  building -stone  belongs  to  the  "  reptiliferons  "  or  the 
"  holoptychian  "  formation.  It  must  be  admitted,  however,  that  occa- 
sionally the  pale-pink  Old-Red  rock  assumes  a  nearly  white  colour, 
while  the  white  or  yellow  "  reptiliferous  "  rocks  locally  acquire  I'eddiiih 
tints,  nndiatinguishable  from  tliose  of  the  "  holoptychian  "  sandstone. 

In  both  the  coast  rldgc  and  tbe  Qn&rrywood  ridge,  as  was  well 
pointed  out  by  Dr.  Gordon,  the  Reptiliferous  Sandstone  is  seen  to  be 
covered  by  a  very  pt'culiar  and  easily -rocoijiiisiible  deposit,  known  ns 
the  "  Cherty  rook  of  Stotfield."  It  has  been  fi-equently  su^ested 
that  the  preservation  of  these  two  sandstone  ridges,  and  thns  of  the 
whole  peninsula  between  Burgliead  Bay  and  Spey  Bay,  was  in  all  pro- 
bability due  to  the  presence  of  this  remarkable  rock,  which  offers  such 
resistance  to  the  ordinary  agents  of  denudation."  The  rock  consists 
of  a  more  or  less  intimate  admixture  of  ailiceoas  and  calcareous  mate- 
rials, including  also  crystallised  patches  of  galoua,  blende,  and  pyrites ; 
it  has  yielded  no  trace  of  organic  remains.  Sir  Roderick  Murchison 
compared  the  "  Cherty  rock  of  Stotfield  "  with  the  Cornstones  of  the 
Old-Red  rocks,  with  which,  however,  it  has  but  little  in  common ; 
and  some  confusion  appears  to  have  arisen  from  bauds  of  trne  Corn- 
stone,  which  occur  in  Upper  Old  Bed  Sandstone  to  the  south  of  Elgin, 
having  been  taken  for  the  Cherty  rock  of  the  Trias. 

Professor  Harkness,  in  1864,  was  able  to  show  tliat  the  positions  in 
which  the  Cherty  rock  and  the  Reptiliferous  Sandstone  occur  in  the 
neighbourhood  of  Elgin  are  such  as  can  only  be  explained  by  the 
existence  of  great  faults.  At  a  later  date,  I  showed  how  numeroos  are 
the  indications  of  distorbance  in  the  district — evidence  of  lilting  of 
the  beds,  of  actual  contortion,  and  of  fracture  occurring  in  many  of 
the  quarries.  In  the  New  Bishopmill  QnaiTies,  for  example,  the 
efFecis  of  a  fault,  in  throwing  side  by  side  beds  of  valuable  freestone 
and  other  sandstones  unsuitable  for  building  purposes,  is  very  clearly 
seen,  and  similar  evidence  is  found  all  over  the  area  where  these  beds 
occnr.  On  the  north  of  the  coast-ridge  I  have  shown  that  beds  of 
•  "Quart.  Joum.  GeD\.  Soc,"  toI.  ii  (18G4),  p.  424. 
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Inferior  Oolite  are  seen  faulted  against  the  Trias  of  Stotfield,*  and 
the  same  is  probably  the  case  also  at  Bnrghead.  In  the  great 
**  Scars  "  or  reefs  which  lie  off  this  coast  red  sandstones  are  seen,  and 
I  have  been  assured  that  scales  of  Holoptychius  occur  in  them.  If 
this  be  true,  then  the  whole  of  the  Mesozoic  strata,  forming  the 
peninsula  between  Bnrghead  Bay  and  Spej  Bay,  consists  of  rocks 
which  are  actually  let  down  by  trough-faults  and  synclinal  folds  into 
the  midst  of  a  tract  of  the  Upper  Old  Red  Sandstone.  The  presence 
of  such  great  lines  of  dislocation  is  unquestionable,  and  in  the  paper 
referred  to  I  have  endeavoured  by  means  of  dotted  lines  to  indicate 
the  approximate  position  of  some  of  them.  It  must  be  remembered, 
however,  that  in  a  country  so  deeply  covered  by  drift  as  Northern 
Morayshire,  the  working  out  of  the  relations  of  the  rock-masses  by 
tracing  their  outcrops  at  the  surface  is  an  almost  hopeless  task. 

As  throwing  an  entirely  new  light  on  the  age  and  relations  of  the 
Reptiliferous  Sandstone  of  Elgin,  I  was  able  in  the  year  1873  to 
show  that  strata  identical  in  character  with  that  deposit  and  with  the 
Oherty  rock  of  Stotfield  occur  on  the  northern,  as  well  as  on  the 
southern  side  of  the  Moray  Firth.  At  Dunrobin,  in  Sutherland,  the 
yellow  sandstones  are  seen  covered  by  the  Gherty  rock,  and  this  in 
turn  is  overlain  in  apparently  conformable  sequence  by  the  various 
members  of  the  Lias  and  Oolite.  The  whole  of  the  Mesozoic  strata 
of  Sutherland  are  seen  to  be  thrown  by  a  great  fault  against  the 
Lower  Old  Red  Sandstone  and  the  Crystalline  rocks  of  the  Highlauds. 

Although  it  is  certain,  however,  that  some  of  the  cases  of  juxta- 
position between  the  Old  Red  and  the  Triassic  strata  must  be  due  to 
faulting,  yet  there  are  reasons  for  believing  that  the  latter  strata 
lie  directly  and  unconformably  upon  the  former.  But,  as  was  re- 
marked by  Dr.  Gordon  in  1877,  "  the  district  is  so  covered  by  drift 
that  no  junction  of  the  Holoptychian  and  the  Reptiliferous  strata  has 
been  laid  bare." 

It  was  therefore  with  the  greatest  interest  that  in  the  snmmer  of 
1884  I  learned  from  that  veteran  geologist,  whose  important  services 
to  science  have  extended  over  a  period  of  more  than  half  a  century, 
that  the  bones  of  reptiles  had  at  last  been  detected  in  the  same 
quarry  with  the  remains  of  Holoptychius,  On  repairing  to  Elgin  I 
received  the  greatest  assistance  in  investigating  the  matter  from  Mr. 
J.  Gordon  Phillips,  the  intelligent  and  energetic  curator  of  the  Elgin 
Museum. 

It  appears  that  about  the  beginning  of  1882  an  old  stone-pit,  known 
as  *'  the  Millstone  Quarry,"  and  situated  near  the  summit  of  the 
Quarrywood  ridge,  immediately  above  the  church  of  New  Spynie,  had 
been  reopened,  and  extensive  excavations  had  since  been  carried  on 
there.     The  beds  here  present  a  somewhat  similar  character  to  those 

•  "Quart.  Joum.  Oeol.  Soc.,"  vol.  xiix  (187^^ ^. Vi&, U^i. 
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I 
of  Lossiemouth  and  Spjnie,  consisting  of  white  or  pale-yellon  Band- 
Btooe,  containing  occasional  black  particles  composed  of  iron  and 
manganese  oxides.  The  sandstoiies  of  this  pit  are  geuerally  mncb 
coarser  in  grain  than  those  at  Lossiemonth  and  Spynie,  and  they  some- 
times even  pass  into  a  grit.  la  some  of  the  beds,  particles  of  fel- 
spar occur  in  Boch  profanion  as  almost  to  cause  the  rock  to  assume 
the  appearance  of  an  "  arkose."  That  these  rocks  really  belong  to 
the  Roptilifei'ona  Sandatone  has  been  confinned  by  the  finding,  up 
to  the  present  time,  of  no  less  than  six  skeletons  of  i-eptiles,  and 
by  the  tolal  absence  from  them  of  tbe  "Old- Red  "  fish-remains. 

The  Reptiliferous  Sajidatone,  both  of  the  coast  ridge  and  of  the 
Quari'jwood  ridge,  not  nnfrequcntly  contains  scattered  pebbles  of 
qnartz ;  but  at  the  "  Cutties'  Hillock  Quarry,"  ae  the  new  pit  is  now 
called,  this  feature  is  moi«  strikingly  exhibited,  and  sucli  quartz- 
pebbles  become  very  abundant,  especially  in  some  of  the  lower  beds. 
As  the  excavations  were  cai'Hed  downwards,  indeed,  the  coarse  sand- 
stone was  seen  passing  into  a  conglomei'ate,  called  by  tbe  workmen 
the  "  pebbly-post."  This  bod  of  conglomerjtl.e  was  found  to  be  from. 
; .  3  feet  6  inches  to  4  feet  thick,  and,  it  being  considered  desirable  to 
determine  if  other  courses  of  freestone  Et  for  building  purposes  under- 
lie the  "  pebbly-post,"  a  trial-sbaft  was  opened  at  the  bottom  of  the 
qnany. 

It  was  discovered  in  this  way  that  the  "  pebblj-post,"  which  in  its 
lower  portion  becomea  more  perfectly  conglomeratic,  and  contains 
pebbles  of  white  and  purple  qnartz  np  to  the  size  of  tbe  fist,  rests  on 
beds  of  pink  and  red  sandstones,  very  finely  laminated,  and  exhibiting 
evidence  of  much  false- bedding.  These  beds  are  strikingly  different  in 
character  from  the  coarse-grained,  white  sandstones  lying  above  the 
"  pebbly-poat,"  in  which  tbe  bedding  is  usually  indistinct  and  im- 
perfect. The  atone  lying  below  tbe  conglomerate  was  found  to  be 
nnsuited  for  building  purposes,  and  the  trial-shaft,  after  being  carried 
to  the  depth  of  13  feet  in  the  bottom-i'ock,  was  abandoned;  very 
fortunately,  however,  the  last  blast  which  was  fired  in  it  revealed  a 
remarkably  fine  specimen  of  Holoplx/chiun,  which  has  been  identified 
by  Dr.  Traqnair  aa  M,  nobiliesimus,  and  is  now  in  tbe  Elgin  Masenm. 

It  unfortunately  happened  that  no  careful  geological  study  was 
made  of  the  beds  exposed  in  the  trial-shaft  at  tlie  time  when  it  was 
open ;  bnt  I  was  able,  with  the  assistance  of  Mr.  J.  Gordon  Phillips, 
and  of  Mr.  Watts,  the  very  intelligent  lessee  of  the  quariy,  aided  by 
an  inspection  of  the  materials  thrown  out,  to  substantiate  the  above 
facts  and  to  add  tbe  following  details  : — 

The  red  and  finely-laminated  sandstones  of  the  Upper  Old  Red 
Sandstone  are  directly  overlain  by  the  bed  of  qnartzose  conglomerate. 
This  latter  bed,  which  is  from  3  feet  C  inches  to  4  feet  in  thickness, 
contains   fewer   and   smaller  pebbles    in   its  upper  part,   and    thus 
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gradnates  insensiblj  into  the  coarse  Beptiliferons  Sandstone,  which 
foi*ms  a  number  of  courses,  each  fpom  3  feet  to  4  feet  thick,  and  are 
exposed  to  a  depth  of  oyer  20  feet.  The  Beptilif erous  Sandstone  in  this 
pit  section  exhibits  evidence  of  considerable  disturbance ;  its  beds  dip 
to  the  noi'th-east  at  an  angle  of  about  15*^,  while,  at  one  part  of  the  pit, 
there  are  indications,  in  great  slickensided  surfaces  and  a  slight  dis- 
placement of  the  beds,  of  a  small  fault.  In  these  upper  sandstones 
remains  of  a  least  six  reptiles  have  up  to  the  present  time  been  dis- 
covered, five  of  them  occurring  in  one  course  of  stone,  while  the 
remaining  one  came  from  the  bed  immediately  below.  The  forms 
represented  in  this  pit  are  Hyjperoda'pedon^  and  another  lizard, 
Dicynodon,  and  a  Dinosaur. 

The  characters  of  the  sandstones  above  the  bed  of  conglomerate  are 
very  distinct  from  those  of  the  sandstones  below  it.  The  former  are 
very  fine  grained  and  have  their  lamination  very  strongly  pronounced, 
exhibiting  much  false-bedding;  while  the  latter  are  usually  much 
coai'ser  and  seldom  show  any  trace  of  stratification.  The  colours,  too, 
are  very  distinctive,  but  this  is  a  character  upon  which  it  would  be 
unwise  to  place  much  reliance.  Examined  in  thin  sections,  under  the 
microscope,  I  found  that  the  two  sandstones  present  well-marked  and 
constant  differences. 

These  facts  all  point  to  the  conclusion  that  the  Beptiliferons  Sand- 
stone of  Elgin  passes  downwards  into  a  bed  of  conglomerate,  which 
rests  unconformably  upon  the  strata  of  the  Upper  Old  Bed  Sandstone. 

During  a  visit  to  Sutherland  last  year,  I  also  obtained  evidence  that 
a  precisely  similar  relation  in  all  probability  exists  between  the 
Triassic  rocks  and  the  Upper  Old  Bed  Sandstone  on  the  northern  side 
of  the  Murray  Firth. 

Some  years  ago  Dr.  Joass  of  Qolspie  found  remains  of  Holoptychius 
in  the  sandstones  which  crop  out  in  reefs  on  the  shore  at  some  distance 
southward  from  that  place.  Between  these  reefs  of  Upper  Old  Bed 
Sandstone  and  those  of  Dnnrobin,  where  I  was  able  in  1873  to 
identify  the  Beptiliferous  Sandstone  and  the  Cherty  rock  overlying  it, 
the  rocks  are  wholly  concealed.  But  Dr.  Joass  showed  me  masses  of 
a  conglomerate  which  are  frequently  thrown  up  by  the  waves  on  the 
Golspie  shore,  containing  yellow  and  purple  quartz-pebbles,  and 
identical  in  character  with  the  rock  of  the  "  pebbly-post "  in  the 
Cutties,  Hillock  Quarry  near  Elgin.  There  can  be  little  doubt  that 
the  bed  from  which  these  fragments  are  derived  lies  between  the 
Trias  and  the  Upper  Old  Bed  Sandstone  of  the  Sutherland  coast. 

The  Boyal  Society  long  ago  testified  its  sense  of  the  importance  of 
determining  the  age  and  relations  of  the  remarkable  strata  of  Elgin, 
by  appointing  a  Committee  and  making  a  grant  from  the  Donation 
Fund  to  aid  in  securing  new  specimens  of  the  fossils.  Seeing,  then, 
that  an  opportunity  offered  itself  for  determining  the  exact  wilaAA^x>». 
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of  the  Roptiliferons  to  the  Holopfjchian  beds,  I  prefetrod  a  reqnest  to 
the  Council  of  this  Society  for  a'  grant  to  be  applied  iu  excavations 
directed  to  nncovering  the  line  of  junction  between  the  two  beds. 

My  request  having  been  acceded  to,  the  kind  intei-vention  of  Dr. 
Gordon  obtained  for  me  the  permisBion  of  Thomas  Yool,  Esq.,  of 
Leiichara,  the  factor  of  the  Earl  of  Fife,  on  whose  property  the  quarry 
is  sitnated,  for  carrying  ont  the  necosaary  work.  The  Messrs.  A.  and 
W.  Watt,  the  lessees  of  the  quarry,  not  only  rendered  ninch  valuable 
advice  and  assistance,  but  kindly  undertook  the  personal  superintend- 
ence of  the  necessary  operations.  In  making  a  carefol  examination 
of  the  pit,  aft«i-  it  had  been  opened,  I  bad  the  great  advantage  of  the 
aid  and  judicious  counsel  of  Pi-ofessor  T.  G.  Bonney,  F.R.S.,  Pre- 
sident of  the  Geolc^cal  Society. 

Wo  were  able  to  observe  that,  while  the  conglomerate  of  the 
"pebbly-post"  graduates  insensibly  into  the  overlying  Be ptiliferouB 
Sandstone,  it  is  sharply  divided  from  the  red  sandstones  below.  It 
wan  iinfortanately  faand  that,  owing  to  the  imperfect  bedding  of  the 
upper  series  and  the  prevalence  of  oblique  lamination  in  the  lower 
one,  it  was  imposeible  to  obtain  decisive  evidence  of  a  discordance  of 
dip  between  them.  But  the  line  of  junction  between  the  two  sets  of 
strata,  which  was  exposed  for  a  distance  of  10  feet  only,  showed 
every  appearance  of  being  an  eroded  one.  We  came  to  the  conclusion 
that  while  the  upper  series  having  the  "  pebbly-post  "  for  its  base,  is 
certainly  perfectly  distinct  from  the  lower  one,  thei'o  can  scarcely  bo 
the  smallest  doubt  that  the  former  rests  uncomformably  upon  the 
latter ;  in  other  words,  the  evidence  points  to  the  conclusion  that 
during  the  vast  periods  of  the  Carbiniferous  and  Permian,  the  Upper 
Old  Red  Sandstone  of  the  Elgin  area  was  upheaved  and  denuded,  and 
that  subsequently  the  Upper  Trias  beds  were  deposited  unconformably 
npon  the  eroded  surface. 

As  the  question  of  the  age  and  relations  of  these  interesting  rocks 
may  now  be  considered  as  definitely  settled,  it  may  be  well  to  give  a 
brief  retiime  of  what  is  known  concerning  the  interesting  patches  of 
Triassic  strata  in  the  east  of  Scotland,  from  which  such  important 
palsBontological  treasures  have  been  derived. 

There  is  reaaOn  for  believing  that  the  Trias  of  this  district  does 
not  exceed  200  to  300  feet  in  thickness.  At  present  it  is  known 
to  occur  only  in  the  coast  ridge,  9  miles  long  and  about  1  mile 
broad,  and  on  the  northern  slope  of  the  Qnarrywood  ridge  for  a 
distance  of  abont  3  niiles.  Ontlying  patches,  like  the  Boar  Rock 
in  Spey  Bay,  show  that  its  anperficial  extent  has  been  greatly  reduced 
by  denudation  and  the  deposit  of  drift  upon  it.  Similar  beds  covering 
only  a  very  small  area  however,  make  their  appearaDce  on  the 
northern  side  oE  the  Moray  J'irth,  between  Dunrobin  and  Golspie. 

The  lowest  member  of   the  formation  consists  of  qnartisose  con- 


1885.]  On  the  ReptiliferouB  Sandstone  of  Elgin.  403 

glomerate,  very  similar  to  that  which  occurs  in  the  Poikilitic  of  the 
west  coast  of  Scotland,  and  of  many  parts  of  England.  This,  by 
the  gradual  diminution  in  the  size  and  number  of  the  pebbles,  passes 
occasionally  up  insensibly  into  a  coarse  grit,  containing  scattered 
quartz  pebbles,  and,  finally,  into  the  very  fino-gprained  white  or  yellow 
sandstone  which  constitutes  the  bulk  of  the  formation. 

In  the  whole  of  this  deposit,  organic  remains  are  very  sparsely  dis- 
tributed. The  extensive  sea-cliffs  and  shore-reefs  of  the  coast  ridge 
have  not  yielded  a  single  specimen,  nor  have  any  fossils  been  found  in 
similar  situations  in  Sutherland.  Many  of  the  largely  worked  quarries 
have  proved  equally  barren.  Several  quarries  in  immediate  proximity 
to  one  another  have,  however,  yielded  footprints,  and  a  single  band 
of  soft  rock  in  the  Lossiemouth  Quarries,  situated  at  the  depth  of 
about  100  feet  from  the  top  of  the  sandstone  series,  has  yielded  many 
remains  of  StcLgonolepis^  Hyperodapedon,  and  Telerpeton.  It  is  not 
improbable  that  it  is  a  bed  on  about  the  same  horizon  which  has 
yielded  Telerpeton,  Hyperodapedon,  and  Geratodua  at  Spynie,  and 
Stagonolepis  and  Dasygnathus  at  Findrassie.  The  new  quarry  at 
Cutties*  Hillock,  however,  is  certainly  opened  in  beds  lower  in  the 
series,  and,  indeed,  near  its  base.  The  only  form  up  to  the  present 
found  in  this  lower  division  which  is  common  to  it  and  the  higher 
strata  is  Kyperodapedorty  but  the  lower  beds  have  also  yielded  a 
Dinosaur,  a  Dicynodont,  and  a  new  species  of  Laoertian.  There  are 
good  grounds  for  anticipating  further  important  discoveries  in  this 
part  of  the  series,  as  large  quantities  of  stone  are  now  being  taken 
from  the  quarry  in  which  it  is  exposed. 

The  beds  of  the  Beptilif  erous  Sandstone  are  often  seen  to  be  traversed 
vertically  by  masses  of  a  hard  quartzite-like  rock,  which  are  known  to 
the  quarrymen  as  '*  keys.'*  Such  masses  are  seen  rising  through  the 
sandstones  in  the  sea-cliffs,  and  in  many  of  the  quarries,  where,  being 
unfit  for  building  purposes,  they  are  either  avoided  in  the  quarrying 
operations,  or  are  broken  up  to  serve  as  road-metal.  A  key  of  this 
kind  is  present  in  the  quarry  at  Cutties'  Hillock.  Microscopic  exami- 
nation of  these  quartzite-like  masses  shows  them  to  consist  of  the 
ordinary  white  or  yellow  sandstone,  in  which  silica  has  been  deposited 
in  the  form  of  quartz  upon  and  between  the  individual  grains.  As 
in  the  case  of  the  '*  crystallised  sandstones,"  and  many  quartzites, 
the  secondary  silica  is  in  crystallographic  continuity  with  the  quartz 
grains  on  which  it  is  deposited  ;  this  is  clearly  shown  when  thin 
sections  of  the  rock  are  examined  by  polarised  light,  the  orientations 
of  the  original  and  the  secondary  quartz,  as  exhibited  by  their  optical 
characters,  being  thereby  rendered  manifest. 

Overlying  the  Beptilif  erous  Sandstone  is  the  very  remarkable  cal- 
careous and  siliceous  rock,  known  as  the  "  Cherty  rock  of  Stotfield,** 
the  peculiar  characters  of  which  have  been  already  ind\ca»tAi^«     k^ 
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present  this  meniber  of  tlio  ivories  ia  only  ecen  as  a  number  of  isolated 
patcbes,  and  we  have  no  evideuce  aa  tu  whether  it  ever  constituted  a 
continnoufl  deposit.  Its  thicknesH  is  never  great,  and  probably  in  no 
case  exceeds  30  feet. 

The  "Chertj  roek  of  Stotfield  "  which  hiia  afforded  no  traces  of 
organic  remainB,  even  when  studied  under  the  mieroecope,  is  evidently 
a  chemical  and  not  an  organic  deposit.  Its  appeai'ance  and  characters, 
indeed,  strongly  snggeated  that,  like  very  similar  deposits  in  Hun- 
gary, it  may  have  been  formed  by  geysers,  an  idea  which  was 
entertained  by  Sir  Cbuiles  Lyell.  If  this  be  so,  it  is  impossible  to 
avoid  entertaining  the  suggestion  that  the  foi-mation  of  the  keys  may 
have  been  due  to  the  rise  of  heated  water  containing  silica  in  solution 
along  the  joint  planes  of  sandstonea  below.  Some  sappoi-t  is  afforded 
to  this  suggestion  by  the  fact  that  whci-e,  as  at  Stotfield,  the  Cherty 
rock  is  largely  developed,  there  the  quartzite  "  keys  "  are  particularly 
numerous  in  the  underlying  sandstoneB, 

It  may  be  of  Rome  interest  to  add  that  the  Trias  of  the  district  of 
Scania  in  Southern  Sweden  contains  rocks  qnite  undi sting uishable  io 
their  mineral  characters  from  the  Pebbly  Conglomerate,  the  Beptt- 
liferoiiH  Sandstone,  and  the  Cherty  rock  of  the  Trias  of  Eastern 
Scotland. 


V.  "Experimental  Researches  in  Cerebral  Physiology.  II,  Ou 
the  Muscular  Contractions  which  are  evoked  by  Excitation 
of  the  Motor  Tract."  By  V.  A.  Horsley,  M.B.,  B.S., 
Professor  Superintendent  of  the  Brown  Institution  and 
Assistant  Professor  of  Pathology  in  University  College, 
London,  and  E.  A.  SchaFER,  F.R.S.,  Jodrell  Professor  of 
Physiology  in  University  College.  Received  December  1, 
1885. 

The  following  note  gives  the  results  of  a  large  number  of  experi- 
menia  which  we  have  undertaken,  in  order  to  determine  the  character 
of  the  musculai-  contractions  which  I'esult  from  excitation  of  the  sevei-al 
parts  of  the  motor  tract,  especially  with  refei-ence  to  the  I'hythni 
with  which  the  skeletal  muscles  respond  to  such  excitation. 

For  the  purpose  of  our  experiments  we  may  consider  the  motor 
tract  under  four  heads,  viz.: — 1.  Its  commencement  in  the  nerve- 
cella  of  the  cerebral  cortei.  2.  The  connexion  of  these  cells  with 
the  lower  nerve-centres  by  the  nerve-fibres  in  the  corona  radiata. 
:{.  Its  continuation  along  the  medaila  oblongata  and  medulla  spinalis 
(including  the  nerve-cells  of  those  strnctoree).  4.  Its  peripheral  con- 
tinaatioB  along  the  motor  nerves. 
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Methods, — Onr  method  of  proceeding  has  been  to  excite  these 
several  parts  in  succession,  and  record  the  contractions  of  one  of  the 
limb  muscles  upon  a  moving  blackened  surface,  either  by  directly 
connecting  the  tendon  with  the  lever  of  a  myograph,  or  by  Marey's 
method  of  transmission  by  tambours  and  indiarnbber  tubing,  the  time 
being  simultaneously  recorded  upon  the  moving  surface  by  a  clock 
marking  seconds.  Usually  the  rate  and  duration  of  the  excitation 
were  also  recorded  by  a  small  electromagnet.  Besides  the  contrac- 
tions resulting  from  electrical  excitation,  we  have  frequently  obtained 
an  accidental  record  upon  the  moving  surface  of  spontaneous  or 
voluntary  contractions  of  the  muscle  the  responses  of  which  to  elec- 
trical excitation  of  the  cortex  cerebri  we  were  preparing  to  record, 
and  we  have  thus  been  able  to  compare  these  records  of  voluntary 
contractions  in  animals  both  with  the  results  of  electrical  excitation 
of  the  several  parts  of  the  motor  tract  in  the  same  animals,  and  with 
records  of  voluntary  contractions  in  the  human  subject.  We  have 
also  studied  in  the  same  way  the  epileptoid  contractions  which  are 
of fcen  found  to  follow  a  period  of  electrical  excitation  of  the  cortex 
cerebri  in  animals,  and  have  compared  these  epileptoid  contractions 
with  numerous  others  recorded  by'  one  of  us  from  cases  of  true  epi- 
lepsy and  other  affections  of  the  nervous  system  (in  man  and  animals) 
accompanied  by  rhythmic  muscular  movements. 

Results. — It  was  somewhat  vaguely  stated  by  Franck  and  Pitres,* 
and  has  generally  been  admitted  by  other  authors,  that  so  far  as 
regards  the  rhythm  of  muscular  response,  the  result  of  exciting  either 
the  cerebral  cortex  or  any  other  part  of  the  motor  tract  is  precisely 
the  same  as  that  which  is  well  known  to  be  the  case  with  the  excita- 
tion of  the  motor  nerve,  namely,  that  for  all  rates  of  excitation  the 
rhythm  of  muscular  response  is  identical  with  the  rhythm  of  excita- 
tion. Our  experiments  on  the  contrary  show  that  this  statement  only 
holds  good  for  low  rates  of  excitation  up  to  about  ten  or  twelve  per 
second,  but  that  for  all  higher  rates  of  excitation  of  the  cortex 
cerebri,  corona  radiata,  or  medulla  spinalis  the  muscular  response  does 
not  vary  with  the  rate  of  excitation,  but  maintains  a  constant  rhythm 
which  is  independent  of  the  excitation  rate  and  approximates  to  ten 
per  second. 

The  muscle-curves  which  we  have  obtained  from  different  mammals 
as  the  result  of  successive  excitation  of  the  cortex  cerebri,  corona 
radiata  after  removal  of  the  superjacent  cortex,  and  of  the  cervical 
cord  after  section  below  the  medulla  oblongata,  are  very  similar  to  one 
another,  and  exhibit  along  their  course,  both  at  the  commencement 
and  during  the  whole  extent  of  contraction  of  the  muscle,  small  but 
distinct  undulations  following  one  another  at  the  rate  of  about  ten 

•  **  Travaux  du  Laboratoire  do  Marey,"  iv,  1879,  pp.  412-447.  See  also  a  paper 
by  the  same  author  in  the  **  Arch,  de  Physiologie,*'  Nos.  1  and  Z^  \^Qd^. 
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per  RCQond,  with  verj  considerable  regularity,  aJthongb  in  a  few 
instances  the  rhythm  mny  be  a  little  slower  or  faster  than  those  (eight 
to  tliirteeti  per  second  are  the  extreme  varifttionn  it'corded).  These 
imdolations  have  the  same  rhythm  and  character  whatever  the  rate 
of  excitation  (unless  this  be  allowed  to  fall  below  about  ten  per 
second).  Moreover,  pi-ecisely  similar  nndnlations  fire  always  visible 
npon  the  myographic  curve  of  all  voluntftry  or  spontaneous  contrac- 
tions (inclnding  reflex  contractions)  both  in  the  lower  animals  and  in 
miu.  I 

It  is  farther  noted  that  in  the  record  of  the  contractions  of  epilepsy  1 
there  can  frequently  be  seen  marked  npon  the  larger  cnrves,  prodnced  ' 
by  the  relatively  slon  clonic  spasms,  smaller  nndnlations  succeeding'  g 
one  another  with  a  rhythm  of  eight  or  ten  per  second.  In  sonie  cases  t 
the  clonic  contractions  themselves  may  attain  this  rate,  bat  they  are  I 
then  always  simple  and  without  any  indicittiona  of  smaller  waves.  I 

In  a  very  few  instances  out  of  a  verj  large  number  of  experiments  | 
there  occnrred  upon  the  tracings  obtained  as  tlie  result  of  rapid  exci- 
tation of  the  cortex  cerebri,  corona  radiata,  and  medulla  spinalis, 
besides  the  nsnal  well  marked  nndnlations  of  the  rate  of  abont  ten  per 
second,  other  very  minute  Wiiven  upon  thepe  undulations  coiTespond- 
ing  in  rhythm  with  the  rate  of  excitation.  These  were  the  only 
occasions  in  which  we  have  obtained  resnits  at  all  similar  to  those 
mentioned  by  Franck  and  Pitres. 

The  accompanying  tracings  will  serve  to  indicate  the  general 
nature  of  our  results.  Tracings  A,  B,  C,  and  D  are  all  taken  from 
the  same  animal  (dog).  Tracing  A  shows  tbe  myographic  curve 
obtained  during  excitation  of  the  cortex  cerebri  (sigmoid  gyms),  as 
well  as  tbe  succeeding  epilepsy.  Tracing  B  was  that  obtained  on 
excitation  of  the  subjacent  corona.  Tracing  G  resulted  from  excita- 
tion of  tlic  cat  spinal  cord.  Tracing  D  from  excitation  of  the  motor 
nerve,  Tbe  excitation  was  prodnced  by  varying  the  cnrrent  through 
the  primary  coil  of  a  sliding  iudactorium  by  a  metallic  reed  vibrating 
thirty  times  per  second  in  the  case  of  A,  C,  and  D,  and  forty  per 
second  in  the  case  of  B.  The  vertical  lines  mark  seconds.  E  ie 
the  tracing  of  a  volnntary  mnscnlar  contraction  in  man  (opponena 
poUici.). 

ConclvsioTU. — The  main  conclusions  to  be  drawn  from  the  results 
of  our  experiments  appear  to  he  these : — 1.  That  tbe  normal  rate  of 
discbarge  of  nervous  impulses  from  the  motor  nerve-cells  of  tbe 
Bpinal  cord  along  the  motor  nerve-fibres  is  approximately  ten  per 
second.*      2.  That  in  the  case  of  nervous  impulses  reaching  theeo 

•  Thii  conduiion  is  iupported  by  the  fact  that  tho  rhythm  o(  a  donas  («.y.,  anlile- 
clonus)  depending  upon  tbe  activity  of  tbe  apinal  cord  is  also  about  8  or  10  per 
second,  and  tbat  tbe  rliytbm  of  strychnine-tetanus  in  tbe  frog,  as  indicated  bj  tbe 
electrical  Turiatioul  of  tbe  muscle-current,  has  about  tbe  same  rate  (Lorio). 
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nerve-cells  in  more  rapid  saccession  thaa  about  ten  per  §econd,  a 
process  of  sammation  occurs  within  the  nerve-cells,  so  that  the 
rate  of  discharge  remains  aboat  the  same  in  all  cues.  3.  That  tlie 
nervonfl  impulses  which  produce  a  voluntary  contraction  also  traverse 
the  motor  nerve-fibres  at  about  the  same  rate.  There  is,  however, 
no  distinct  evidence  to  show  whether  this  rhjthm  of  the  volitional 
impulses  is  generated  in  the  cells  of  the  cerebral  cortex,  or  in  the  cells 
of  the  lower  nerve-centres,  i.  That  the  slower  rhythm  which  is  often 
exhibited  in  epileptoid  contractions  is  the  result  of  a  further  snmma- 
tion,   but  there  is  no  distinct  evidence  to  show  where  this  occars. 
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5.  That  occasionally,  though  rarely,  the  Bummation  of  rapidly  saoceed- 
ing  nervous  impulses  may  be  only  incompletely  effected  within  the 
nerve-cells  of  the  spinal  cord,  or  may  not  occur  at  all.  In  these  cases 
results  similar  to  those  of  Franck  and  Pitres  are  obtained. 

A  more  detailed  account  of  these  experiments  will  shortly  be  pub- 
lished  in  the  "  Journal  of  Physiology." 


December  17,  1885. 

Professor  Q.  Q.  STOKES,  D.C.L.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Professor  Horace  Lamb  (elected  1884)  was  admitted  into  the  Society. 
The  following  Papers  were  read  : — 

I.  "  An  Experimental  Investigation  into  the  Form  of  the  Wave 
Surface  of  Quartz."  By  James  C.  McConnel,  B.A.  Com- 
municated by  R.  T.  Glazebrook,  M.A.,  F.R.S.  Received 
November  9,  1885. 

(Abstract.) 

The  paper  contains  an  account  of  a  number  of  measurements  of 
the  well-known  "  dark  rings  '*  of  quartz.  Each  ring  is  due  to  one 
wave  being  retarded  in  the  quartz  behind  the  other  by  an  integral 
number  of  wave-lengths,  so  the  measurements  give  the  directiouK 
through  the  plate  of  quartz  corresponding  .^  a  series  of  known 
retardations.  The  relative  retardation  is,  especially  in  a  crystal  of 
weak  double-refracting  power  like  quartz,  mainly  dependent  on  the 
distance  between  the  two  sheets  of  the  wave  surface.  Thus  my 
observations  really  gfive  the  separation  between  the  two  sheets  at 
various  points,  and  it  is  in  this  separation  that  the  peculiarities  of 
quartz  are  most  strongly  marked,  and  the  various  expressions  put 
forward  by  theory  most  widely  divergent. 

With  a  plate  cut  at  right  angles  to  the  axis,  I  obtained  values  of 
the  separatioii  from  0=4°  to  0=39° — 0  being  the  angle  between  the 
ordinary  wave  normal  and  the  axis — and  with  a  plate  cut  parallel  to 
the  axis  I  obtained  values  from  0=53°  to  0=90''. 

An  obvious  danger  in  this  mode  of  investigating  the  wave  anvfejc^ 
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18  the  inflnenoo  of  tbe  refraction  eSecta.  This  is  discnsaed  at  sonic 
length  in  the  paper,  and  is  ahowo  to  be  in  aJI  probability  negligible. 

The  measurements  were  taken  with  a  apofitiwrnotcr  fitted  up  as  a 
palai-ificope,  whoso  great  focal  length  and  finely  graduated  circle  wcie- 
of  mnch  service. 

I  found  it  convenient  to  treat  separately  the  region  near  the  axi», 
where  the  abnormal  form  of  the  wave  surface  of  quarts  ia  most 
■  ibTions.  I  have  compared  my  results  with  nine  different  theories, 
each  of  which  gives  an  cipreaaion  of  one  of  the  two  following  forms. 

D2=P|3ain*0  +  DoS. 
D^=Pj5Bin'0+Do»co8*0. 

Here  D  is  "the  number  of  wave-lengths  by  which  one  wave  lags 
behind  the  other  in  air,  after  the  light  has  traversed  normally  a 
plate  of  quartz  one  millimetre  thick,  the  normal  to  whose  faces  maken 
nn  angle  <ft  with  the  optic  axis."  D^  is  the  value  of  D  when  0=0, 
and  is  known  from  the  rotatory  power,  and  P,  imd  P^  are  constants  to 
which  the  theories  aaaign  different  vatues.  By  inserting  the  ohserveij 
valnea  of  D  and  0,  I  obtained  values  of  F]  and  P^  from  each  nng- 
The  results  from  one  phite  ahuut  20  mm.  thick  were  as  tollow.s  :— 

0  4°24'    5°5]i'    e'SH'     7°40J'    8' 23j'    9°  38'     11"  4r 

P, 15-054    15-207     15220      16260      15243     15-258     15-26^ 

Pj 15-2-20    15-293     15-290      15  311      15  295     16292     15-29^ 

Similar  results  were  obtained  from  a  second  plate  about  27  mm. 
thick. 

From  these  6gnres  I  concluded  that  the  second  expression  was  the 
correct  one,  and  that  Pj=1530+-01,  There  is  a  considerable  dip- 
crepancy  in  the  case  of  the  first  ring,  of  which  two  possible  ex- 
planations are  given  in  the  paper. 

Cauchy  gives  Pj^ — r — =15-351,  where  a  and  h  are  the  wave  vcln- 

citieM  perpendicular  to  the  optic  axis. 

Lommel  gives  Ps=i^^!  ^  ^  =15178. 


The  other  five,  MacCnllagh,  Clcbsch,  Lang,  Boussinesq,  and  Voigt, 
have  the  first  form  of  expression  and  give  Pj=!l- —  iiZ.  =15-30G. 
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Thus  Sarran  alone  sncceedR  in  explaining  the  observations  satisfac- 
torily. 

For  the  larger  yalues  of  0,  I  calcnlated  on  Sarran's  theory  what 
valne  of  a— &  was  required  to  give  the  retardation  observed  in  each 
ring,  and  obtained  as  follows : — 

<p 15**  14'      18°  21'     28*  ley      28°  7V      82°  7'       86°  34'      88°  36' 

a- ft   ...     0037916    0037922   -0087927   •0037931   -0087939    0037932   •003798H 

The  observations  on  the  plate  cut  parallel  to  the  axis  gave — 


<p 53°  58'*     5r  11'      64°  45'       72°  13'      79°  68'       83°  40'       85°  37' 

rt-ft   ...     0037949    0037947    0037945   -0037944  •0037943    0037946    0037944 

In  this  last  set  the  retardation  amounted  to  about  300  wave-lengths, 
so  that  the  bands  corresponding  to  the  two  D  lines  were  consider- 
ably separated,  and  the  bands  seen  were  consequently  ill  defined. 
Fortunately,  however,  a  large  angular  error  only  produced  a  small 
change  in  a— &,  so  that  these  results  are  far  more  accurate  than  those 
ot  the  other  two  sets.  For0>5O°  the  rotatory  term  is  negligible,  and 
Sarrau's  theory  is  reduced  to  the  simple  Huyghenian  construction. 
So  onr  observations  show  that  for  0  >  50°  the  Huyghenian  construc- 
tion represents  the  wave  surface  in  quartz  with  great  accuracy. 

From  0=15*"  to  0=50^  there  is  a  slight  but  persistent  increase  of 
a—b  with  0.  It  is  shown  in  the  paper  that  this  may  be  satisfactorily 
accounted  for  by  using  the  more  general  form  of  Sarrau's  wave 
surface,  viz.,  (s^  —  a?)  («^— a*  cos*  0—6*  sin^  0). 

J     q    9 

=  — ^  (^3  cos*  0-I-/1 8in2  0)  {g^  cos*  0— gTi  8in*0). 

Here  s  is  the  wave  velocity  and  a,  &,  f^g,  /|,  g^  are  constants,  g.^ 
depending  on  the  rotatory  power.  Up  to  this  point  we  have  been 
supposing  /j  and  g^  are  negligible.  If  now  we  make  8ir*a*^2(gri— /j) 
=  '00033(a*— fc*)*X*,  we  find  that  Sarrau's  theory  agrees  with  observa- 
tion thronghout  within  the  limits  of  experimental  error,  even  in  the 
case  of  the  first  ring. 

The  observations  were  taken  in  the  Cavendish  Laboratory,  Cam- 
bridge, during  the  months  of  March  and  June,  1885. 

For  full  details  as  to  the  apparatus,  the  plates  of  quartz  used,  the 
mode  of  observation,  the  precautions  necessary,  the  temperatni-o 
efPccts,  and  the  calculations,  reference  must  be  made  to  the  paper. 
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IL  "  Second  Report  on  the  Evideiice  of  Fossil  Plants  regarding 
the  AgL>  of  the  Tertiary  BaBalts  of  the  North-East  Atlantic." 
By  J.  Starkie  Gardn-er.  Communicated  hy  Sir  J.  D. 
Hooker,  K.C.S.I.,  F.R.S.     Reoeived  November  30,  1885. 

I  hare  tlie  honour  to  make  known  the  results  attenilmg  the  expen- 
ditare  of  £75,  placed  in  my  hands  hy  the  Government  Grant  Com- 
mitt«e  for  tlie  porpoHe  of  investigating  the  fostiil  floras  of  Scotlauil, 
whiah  hoH  iieen  ex[>ondod  at  Ardtun  Head, 

The  position  and  phyaiographj  of  this  headland  iii  the  lele  of  Mall 
has  been  fally  described  by  the  Duke  of  Argyll,  It  is  the  point  of 
land  separating  Loch  Laigh  and  Loch  Scridain,  and  is  abont  two 
miles  in  circnmference  and  a  mile  across. 

It  is  composed  mainly  of  two  sheets  of  basalt  with  remains  of  a 
third  sheet,  on  some  eminences  and  along  the  Khore  of  Loch  Laigh, 
These  are  almost  horixontal,  -vritb  n  slight  dip  east,  up  Loch  Scridain, 
and  a  considerable  dip  in  the  name  direction  up  Loch  Ijaigh.  The 
upper  aheet  is  not  less  than  40  to  50  feet  thick,  crystallised  into  rude 
massive  columns,  now  much  fissni-cd  and  n'eathcred,  whilst  the 
lowest  presents  a  thickness  of  00  feet,  visible  above  low  water,  the 
upper  two-thirds  being  amorphous,  and  the  rest  fashioned  into  slender 
and  most  perfect  columns,  bent  in  every  direction,  like  those  of  tlit- 
Olara-shcU  cavo  at  Staffa,  The  beds  are  so  exceedingly  horizontal 
towards  the  seaward  dii'ection,  that  no  one  can  doubt  the  colamnar 
basalts  of  Staifa  and  the  Treshnish  Isles,  Gcometra  and  the  mainland 
of  Mull,  beings  on  the  same  horizon,  if  not  parts  oF  the  same  sheet. 
Between  the  two  great  lava  beds  at  Ardtun  ia  intercalated  a  bed  of 
sedimentary  deposit,  reaching  a  maximum  of  GO  feet  thick,  and  con- 
sisting of  pale  very  fine-grained  clay  and  limestone  at  the  base,  then 
sand  and  g^'avel,  black  laminated  shales,  whinstone,  gravel,  and 
laminated  sands.  The  gravels  are  made  up  of  flint,  pebbles,  and 
Bubangular  rolled  fragments  of  older  lava  beds,  in  a  matrix  of  broken- 
down  volcanic  material.  They  present  nil  the  ordinary  lines  of 
current  bedding,  beautifully  weathered  out,  and  the  pebbles  aw 
drifted  precisely  as  in  ordinary  I'iver  (travels. 

There  can  be  no  question  whatever,  indeed,  but  that  the  gravels  ai-e 
the  deposits  of  the  waterway  of  a  river,  and  the  shales,  ita  overflow.'* 
and  backwaters.  The  river  must  have  been  of  some  magnitnde,  os 
its  deposits  traverse  the  whole  seaward  face  of  the  headland,  and  their 
extension  inland  seems  to  be  marked  by  the  orcuri'ence  of  two  beds  of 
coal,  which  have,  to  a  small  extent,  been  worked,  one  near  Bunessan 
and  the  other  nearer  Ardtun  village.  An  intrusive  sheet  of  fine 
compact  bnsalt  rises  on  one  side  of  the  liend,  cutting  a  devious  way 
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throagh  each  bed  in  tarn,  and  dipping  beneath  the  sea  at  the  other 
extremity.  On  the  coast,  near  the  centre  of  the  head,  occurs  a  small 
chine,  apparently  due  to  the  weathering  out  of  a  vertical  dyke,  which 
has  cat  through  the  gravels  and  shales,  and  left  them  in  a  very 
accessible  position ;  it  was  here,  accordingly,  that  I  resolved  to  excavate 
them. 

With  the  assistance  of  the  Duke  of  Argyll's  energetic  factor,  Mr. 
Sinclair,  men  and  tools  and  a  barrel  of  powder  were  forthcoming, 
and  after  a  few  days*  work  and  the  removal  of  a  mass  of  the  intensely 
indurated  shingle  bed,  to  the  extent  of  perhaps  hundreds  of  tons,  many 
square  yards  of  the  whinstone  and  the  underlying  black  shales  were 
exposed.  The  large  specimens  of  Platanites  aceroides  and  Onoclea 
liebridica,  now  exhibited,  were  the  results.  The  new  specimens  of  the 
latter,  including -fertile  as  well  as  barren  fronds,  give  a  very  different 
idea  of  its  growth  to  what  would  have  been  imagined  from  those 
formerly  known,  and  we  see  that  the  pinnas  were  produced  on  very 
long  and  stout  naked  stems.  The  ravine,  however,  proved  an  unfor- 
tunate selection,  for  the  whinstdne  became  poorer  in  fossils  as  we  got 
farther  in,  and  the  underlying  black  shales,  though  crowded  with 
leaves,  proved  so  squeezed  and  full  of  slickensides  or  faulted  surfaces, 
and,  consequently,  so  brittle  as  to  be  practically  valueless  for  collect- 
ing purposes.  The  lighter  limestone  is  wholly  absent  at  this  spot. 
From  the  condition  of  the  shales  and  calcined  appearance  of  the 
t  gravels — here  of  a  steely-grey  colour,  intensely  hard,  with  pure  white 
and  occasionally  cherry-coloured  flints,  it  is  evident  that  the  ravine 
must  be  the  site  of  an  old  dyke,  and  if  proof  were  wanting  of  a  violent 
upthrust  at  this  spot,  it  is  to  be  found  in  the  upturned  edges  of  the 
bottom  bed  on  the  west  face.  The  succession  of  beds  in  the  section 
we  had  been  so  laboriously  working  at  in  the  ravine,  in  no  way  pre- 
pared me  for  the  discovery  I  made  subsequently,  that  within  100  yards 
there  existed,  many  feet  below  the  lowest  sedimentary  bed  present  in 
the  ravine,  a  deposit  of  limestone,  rivalling  in  fineness  and  texture 
the  celebrated  lithographic  stone  of  Solenhofen,  and  containing,  as 
expressed  by  Professor  Newberry,  "  most  exquisitely  preserved  leaves." 
On  removing  some  turf,  in  order  to  obtain  a  true  section,  [  was  over- 
joyed to  find  this  deposit,  so  completely  different  in  character  to  any 
previously  seen  in  the  basalts.  It  may  seem  strange  that  it  should 
have  been  overlooked  by  the  many  geologists  who  have  visited  the 
spot ;  but  the  beds  are  in  a  very  inaccessible  position,  and  to  work 
them  dangerous,  until  sufficient  had*  been  worked  away  to  afford 
standing  room.  Qaarrymen  could  not  be  induced  to  work  there  at 
all,  but  two  boatmen  did  not  make  any  objection. 

It  is  too  early  to  attempt  as  yet  to  give  any  account  of  the  new 
flora,  which  seenls  to  differ  considerably  from  that  of  the  shales  above. 
Veiy  large  leaves  of  many  kinds  occur  in  the  clay  at  the  bajBA^-^VsMJa. 
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wus  so  friable,  bowovei',  that  only  Fra^meiitii  could  be  eecared.  The 
leaves  in  the  limestone  are  smaller aod  Teiy  spai'scly  scattered  through 
it ;  there  are,  moi'eovcr,  no  cleavage  planen,  and  hence  much  patience 
is  required  to  obtain  aod  develop  them.  I  have  obtained  about  twenty 
Bpecics  o£  dicotyledon  from  it,  the  most  prevalent  being  Qrmcia  orenata, 
Hr.,  and  Corylitt  MacQuanu,  Forbes,  and  Acer  arelicum,  Hr,  all  of 
\vhii:h  are  also  fonnd  in  beds  of  the  saiae  age  in  Greenland.  There 
are  no  fertis  and  only  ttutw  conifers,  a  large  variety  of  Guilago  adian- 
luidet,  Unger,  a  new  Fodocarpu»,  the  most  northerly  apeciea  I  believe 
yet  found,  and  Tiwiw  Oamphflli.  The  fi'agmeuta  fiwm  the  clays  shovr 
abont  eight  additional  species,  and  altogether  I  shoald  judge  that  both 
floras  were  very  neb.  All  the  conifers  occur  also  in  the  shales,  a,-aA  a 
specimen  of  Oailago  has  long  been  in  the  collection  at  Inverary.  The 
most  characteristic  planls  of  the  shatea  are  those  described  by  the 
Dakc  of  Argyll  and  Bdwaiii  Porlws,  Platanitci  aceroidei  and  Eham-' 
uiipg  mnllivervii.  Taxtitea  Camphelli  is  not,  as  affirmed  by  Heei', 
idpntical  with  Svqaoia  hangsdorfii,  but  appears  to  be  a  trne  Toxvj'. 
Some  other  leaves  are  certainly  referable  to  Pntopkiilhim,  and  we  have 
rcpreaentatives  apparently  of  leaves  determined  as  Alnm,  Comut, 
lierrhenin.  Popular,  and  I'oryhis — but  amonf;  them  there  are  none,  so 
far  as  I  can  ascertain,  that  have  ever  been  found  in  European  beds  of 
Miocene  age.  This  is  a  point,  however,  upon  which  I  do  not  wish  t« 
insist  at  present,  farther  than  to  say,  that  the  flora  seems  to  bear  a 
prima  facie  resemblance  to  cretaceous  floras  of  America  rather  than  toj 
any  yet  known  from  Eurape.  The  resemblance  of  the  Coniferffi  to 
those  indigenous  to  China  at  the  present  day,  is  too  remarkable  to  be 
overlooked. 

It  has  become  evident  that  the  flnviatile  rocks  of  the  British 
busalta  are  of  far  greater  extent  and  importance  than  had  hitherto 
been  im^ined.  Before  the  complete  account  of  them,  which  I  hope 
later  on  to  prepare,  can  be  proceeded  with,  iheir  position  in  the  eerics 
has  to  be  fixed,  their  lateral  extension  to  bo  mapped. 

The  first  of  these  points  is  fortunately  not  difficult  to  settle.  The 
base  ot  the  basalts  is  exposed  at  Burg  Head  on  the  opposite  side  of 
Loch  Scridain,  resting  upon  Jurassic  rocks  and  fragmentary  masses  of 
chalk.  The  base  of  the  series  seems  formed  of  two  immense  sheets 
of  asb,  the  lowest  of  which  is  full  of  scorite,  and  about  100  feet  above 
these,  i-esting  npon  columnar  basalt,  in  every  respect  similar  to  that 
of  Ardtun  Head,  are  flnviatile  beds,  sands  and  clays  from  d  to  12  feet 
thick.  Overlying  these  is  a  bed  of  rudely  columnar  basalt,  and  taking 
account  of  all  the  circumstances,  there  cannot  be  much  donbt  about 
the  flnviatile  series  on  both  sides  of  the  loch  being  upon  the  same 
horizon.  The  beds  are,  in  fact,  seen  to  be  horizontal  to  the  west  as 
far  as  the  eye  can  reach.  The  horizon  of  the  Ardtun  gravels  would, 
therefore,  seem  to  be  about  150  feet  fmni  the  base  of  the  series. 
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Taking  into  account  the  superior  thickness  of  the  basalts  in  Mull,  and 
iibove  all  the  presence  of  ash  beds  at  their  base,  it  seems  prohahle  that 
thej  were  nearer  the  vents  than  Antrim,  and  that  their  lowest  beds 
are  at  least  not  newer,  so  that  the  Mall  leaf-beds  at  150  feet  from 
the  base  should  be  much  older  than  the  Qlenarm  and  Balljpalady 
Icaf-beds  at  600  feet  from  the  base. 

The  horizontal  extent  of  the  fluviatile  beds  of  Mull  is  more  difficult 
to  estimate.  G-ravel  is  mentioned  as  present  at  Loch  Truadh,  to  the 
north-west,  and  at  Carsaig  to  the  east.  In  the  latter  locality  it  is, 
perhaps,  thicker  and  more  extensive  than  at  Ardtun.  The  horizon 
should  also  be  found  in  two  of  the  Treshnish  isles  and  round  the 
north-west  coast  of  Moll,  and  there  can  be  little  doubt  but  that 
deposits  of  plants  exist  in  many  localities  besides  Ardtun.  Black 
shales,  with  identical  leaves,  have  been  found  in  Ganna,  and  leafletn 
•of  Tdxva  or  a  similar  foliaged  conifer  at  XJig. 

Though  the  fluviatile  beds  at  Bourg  are  unfossiliferous,  a  very 
interesting  relic  of  the  Eocene  vegetation  occurs  there,  for  a  large 
tree,  with  a  trunk  5  feet  in  diameter,  has  been  enveloped  as  it  stood 
to  a  height  of  40  feet,  by  one  of  the  underlying  lava  beds.  Its  solidity 
And  girth  enabled  it  to  resist  the  fire,  but  it  subsequently  decayed, 
leaving  a  hollow  cylinder  filled  in  with  debris  and  lined  apparently 
with  the  charred  wood.  There  is  also  the  limb  of  a  larger  tree  in  a 
tissare  not  far  ofE.  The  wood  proves  to  be  coniferous,  belonging 
.possibly  to  the  Fodoccvrpua  whose  leaves  are  so  conspicuous  in  the 
beds  above. 


III.  ''Addition  to  a  former  Paper  on  Trichophyton  tonsurans.** 
(*'  Proc.  Roy.  Soc,"  vol.  33,  p.  234.)  By  George  Thin,  M.D. 
Communicated  by  Prof.  M.  Foster,  Sec.  R.S.  Received 
December  3,  1885. 

In  the  "  Proc.  Roy.  Soc,"  vol.  JJ3,  p.  234,  1881,  a  paper  of  mine  is 
j)ublished  on  **  Trichophyton  tonsurans ^ 

Since  the  time  that  the  investigations  recorded  in  that  paper  were 
made,  the  study  of  parasitic  fungi  has  been  greatly  fiacilitated  by  the 
introduction  by  Dr.  Koch  of  gelatinised  meat  juice  as  a  medium  for 
cultivation,  and  having  again  studied  the  development  of  tricho- 
phyton with  the  advantages  derived  from  the  use  of  this  medium,  I 
believe  that  two  results  which  I  have  obtained  might  be  usefully 
published  as  a  supplement  to  the  paper  referred  to. 

The  gelatinised  meat  juice  which  I  used  was  peptonised  and 
neutralised,  and  trichophyton  grew  on  it  readily  and  with  certainty. 

In  my  previous  experiments  (in  which  I  used  vitreous  humour)  I 
had  succeeded  in  growing  the  fungus  when  the  hairs  containing  th^ 
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Bporea  were  floated  on  the  xnrfftce  of  the  fluid,  but  I  had  not  suc- 
ceeded in  finding  evidence  of  gi-o'wtli  when  the  haira  were  submei^d. 
This  result  muet  have  been  dnu  to  some  accidental  cause  which 
escaped  undetected,  aa  I  have  found  that  trichophyton  gron-awhen  the 
haira  are  entirely  eabmerged  in  the  gelatinised  beef  juice,  and  the 
tiporcs  are  excluded  from  contact  with  the  air. 

In  my  previous  paper  I  described  a  number  of  eiperimonta  which 
appeared  to  show  couclnsifely  that  trichophyton  ia  not  related  to  the 
ordinary  fungi  (PmicilUtnn,  Mitcor,  &c.)  with  which  it  had  been  ap  to 
that  time  confounded.  The  experimenta  with  gelatinised  meat  juice 
confirm  that  view.  In  many  inatances  in  which  I  cultivated  tricho. 
phyton  on  this  medium  I  never  once  observed  organs  of  fructification 
or  appearances  that  suggested  that  it  could  be  identified  with  Gom.ti)on 
fungi.  Aa  regards  Penicillium  glattcum  with  which,  from  the  abund- 
ance of  itH  spores  in  the  atmosphere  of  laboratoriea,  caltivations  are 
most  lilcely  to  be,  and  ai*  inoMt  often  fouled,  the  difference  can  be 
shown  by  a  very  simple  experiment. 

A  layer  of  the  gelatinised  meat  jnice  is  ponred  over  a  pure  slide 
and  allowed  to  cool  under  proper  precautions.  Bingworm  haira  and 
penicillium  spores  am  "  sown  "  in  pai-allel  lines  on  the  surface  of  the 
medium,  and  the  slide  is  put  in  a  moist  chamber  at  ordinary  tempera- 
tures. If  the  slide  is  examined  in  from  twenty-foar  to  forty-eight 
honra  the  penicillinm  will  be  found  to  be  growing  with  great  rapidity, 
whilst  the  mycelium  of  trichophyton  has  made  in  comparison  very 
little  growth.  Hepeateil  crops  of  penicillium  may  be  grown  np  to  the 
atagc  in  which  the  chamcteristic  organs  of  fmctification  are  fully 
developed,  whilst  during  the  same  time  the  trichophyton  mycelium 
grows  steadily  and  slowly,  with  no  distinct  signs  of  spore  formation 
and  DO  trace  of  organs  of  fmctification. 

I  may  add  that,  in  a  recent  letter  to  me,  Dr.  Koch  states hia  convic- 
tion that  trichophyton  is  a  distinct  and  independent  kind  of  fungus. 


IV.  "  A  New  Form  of  Spectroscope."    By  J.  Norman  Lockter, 
F.R.S.     Received  December  5,  1885. 

Some  two  or  three  years  ago,  when  the  sun-spot  work  carried  on 
at  Kensington  revealed  the  different  behaviour  in  different  epota  of 
lines  visible  in  the  spectra  of  the  same  element,  it  seemed  desirable 
to  extend  similar  observations  to  metallic  prominences,  and,  if 
possible,  in  such  a  way  that  comparisons  over  a  considerable  reach  of 
spectrum  should  be  possible. 

It  then  Gti-nck  me  that  a  grating  cut  in  half,  with  one  part  movable, 
■ronld  aSord  a  ready  means  of  doing  this. 


On  the  Formation  of  Vortex  Ringt  by  Drop*. 

CircnroBtances  prevented  tbe  realisation  of  thin  Bcheme  till  qnitc 

W  recently,  when  I  pat  into  Ur.  Hilger's  hands  a  grating  prenented  U 

tr  me  by  Mr.  Entherfurd. 

h4'  7^3  result  is  excellent.     It  is  poBBible  to  observe  C  and  V,  fni 

X  instance,  together  qnite  convenientiy,  with  either  a  normal  or  a  tan. 

ij  gentiol  slit.     The  only  preoantionB  neoessaTj  are  to  see  that  half  ol 

<  the  light  passing  throngh  the  object-glasa  falls  on  the  half  grating 

(  and  that  the  rays  which  oome  to  a  focnv  on  the  alit  plate  are  thow 

BF  the  wave-lengths  of  'whieh  are  half  way  between  the  wave-lengths  o 

c  the  two  lines  compared. 


V.  "  On  the  Formation  of  Vortex  Rings  by  Drops  falling  intt 
Liquids,  and  some  allied  Phenomena."  By  J.  J.  THOMSON. 
M^.,  F.R.S.,  Fellow  of  Trmily  College,  Cavendish  Pra 
fessor  of  Experimental  Fhytdcs,  Cambridge,  and  H.  F 
Newall,  M.A.,  Trinity  College,  Cambridge.  Reoeivec 
November  28.  1885. 

When  a  drop  of  ink  falls  into  water  from  not  too  great  a  height,  i 
descends  through  the  water  as  a  ring,  in  which  there  is  evidently 
considerable  rotation  abont  the  circular  axis  passing  throngh  thi 
centres  of  its  cross  sections ;  as  the  ring  travels  down  throngh  thi 
water  inequalities  make  their  appearance :  more  ink  seems  to  collec 
in  some  parts  of  it  than  in  others,  and  as  these  parts  of  the  rin^ 
descend  more  rapidly  than>the  rest,  it  assumes  some  sach  appeaiano 
as  that  shown  in  fig.  1.    These  aggregations  as  they  descend  develop 
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fresh  rings  in  the  same  way  as  the  original  ring  was  developed  fron 
the  drop.  The  ring  is  thus  split  np  into  several  rings,  each  of  whicl 
is  connected  with  its  neighbours  by  threads  of  ink  affording  a  ver 
{n^tty  illustration  of  the  continuity  of  motion  in  a  liquid  (sec  fig.  2] 

As  the  secondary  rings  descend  they  develope  other  rings  jnst  a 
they  were  developed  from  the  original  one,  and  the  process  of  repro 
dnction  seems  to  go  on  indefinitely. 

It  is  not  every  liquid,  however,  w\n.(^,  -^Veu  4.tci^'^s& '>:^**>J^^ 
^res  rise  to  rings,  for  if  we  drop  \tvio  -watei;  wn-^  Xiojctv^  ^■^■«=' 
not  mix  with  it,  such  as  cWorotorm,  iVo  Avo"?  w  «.o-a»»'3P»*^'=* 
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^wrfiice  tension  remains  sphei'ical  an  it  dostends.  In  fact,  we  may  my 
that,  with  some  few  eiceptiona  to  be  noticed  later,  rings  are  formed 
only  when  a  liquid  is  dropped  int-o  one  with  which  it  can  mix.  This 
JB  important,  beciinae  surface  tension  baa  been  supposed  to  play  an 
important  part  in  the  formation  of  these  rings;  it  is  difficalt,  how- 
ever, to  see  how  any  appreciable  sui'face  tension  can  eniat  between 
liquids  that  can  mix,  and  as  far  as  our  exporimenta  go  they  tend  to 
show  that  it  is  only  the  absence  of  surface  tension  which  is  necessary 
for  their  production.  There  arc,  as  we  Rhall  show  later,  many  casei; 
where  rings  are  formed  under  eircnmstances  in  which  there  is  no 
possibility  of  capillary  action,  such  as  when  the  liquid  into  which  the 
drop  falls  is  the  same  as  the  drop  itself.  As  capillarity  wbb  found  not 
to  be  involyed  in  the  production  of  the  rings,  it  seemed  interesting  to 
investigate  the  subject  furthei',  and  the  following  investigation  wa« 
undertaken  with  this  object.  As  the  result  of  our  ezpeiiments  we 
have  been  led  to  a  theory  of  the  productibn  of  these  rings  of  which 
we  shall  now  give  a  brief  sketch  in  order  to  render  the  sequence  of 
our  experiments  more  intelligible. 

Let  us  suppose  that  a  spherical  drop  falls  into  a  liquid ;  the  motion 
of  the  liquid  surrounding  the  drop  will  at  first  be  mnch  the  same  ae 
if  a  solid  sphere  of  the  same  size  wero  to  fall  into  the  liquid.  How, 
when  a  sphere  moves  through  a  liquid  the  tangential  velocity  of  the 
liquid  is  different  from  the  tangential  velocity  of  the  sphere,  so  that 
the  liquid  flows  past  the  sphere.  If  the  sphere  be  fluid  as  well  as  the 
medium  in  which  it  moves,  there  will  not  be  an  absolute  discontinuity 
in  the  motion,  but  only  a  verj-  lapid  change,  so  that  there  is  a  finite 
alteration  in  an  exceedingly  small  distance.  This  alteration  is  equiva- 
lent to  a  vortex  film  covering  the  sphere,  the  lines  of  vortex  motion 
being  horizontal  circles,  and  if  the  liquid  be  viscous  the  vorticity  iu 
the  film  will  diffuse  inwards  and  outwards.  As  the  drop  falls  the 
resistance  makes  it  get  flatter  and  flatter  until  it  becomes  disk-shaped ; 
by  this  time,  however,  it  is  full  of  voi'tex  motion,  and  as  the  disk- 
shape  is  an  unstable  arrangement  of  vorticity,  the  disk  most  break  up 
into   the  stable  arrangement — that   of  an  anchor  ring.      This  ia  a 
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rough  outline  of  the  theory  we  adopt.  It  will  be  seen  that  the  most 
important  property  of  the  liqnid  concerned  is  its  viscosity — the 
viscosiby  most  be  each  that  when  tbe  drop  has  become  diak-ahaped 
there  should  be  enongh  vortex  motion  in  it  to  cause  it  to  break  np ;  if 
the  viscosity  is  too  small  the  vortex  motion  in  it  will  not  have  had  time 
to  spread  far  by  the  time  the  drop  has  become  disk-shaped,  and  so  the 
drop  will  continne  to  flatten  and  get  into  thin  sheets  with  etreaks  of 
vortex  motion  in  it  instead  of  breaking  np  into  a  ring,  whilst  if  the 
viscosity  is  too  great  the  vortex  motion  will  be  dissipated  before  the 
drop  becomes  disk-shaped. 

We  shall  now  K've  the  experiments  which  led  us  to  form  the 
conclusions.  Wo  began  by  investigating  the  change  in  the  ahape  of 
the  drop  before  it  became  disk-shaped. 

Shape  of  the  Drop  before  it  becomes  a  Ring, 
To  study  the  change  of  shape  of  the  drop  as  it  falls  through  the 
liquid  we  have  had  recourse  to  instantaneous  illumination,  and  have 
nsed  for  this  the  bright  spark  formed  at  breaking  in  a  meroury  cup  a 
circuit  containing  an  electromagnet.  It  was  necessary  that  we  should 
be  able  to  illuminate  the  drop  at  any  point  of  its  fall,  and  it  waH 
obviously  convenient  to  make  the  actual  fall  of  each  drop  start  a  set 
of  processes  which  should  result  in  the  spark.  The  figure  shows 
diagram matically  the  arrangement  we  have  used. 

The  drop  is  formed  at  the  end  of  a  small  piece  of  glass  tubing 
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^  inch  in  diametflr,  the  liquid  filtering  slowly  tliroagh  a  amal\  filter 
paper  held  by  a  wire  ring  in  the  upper  en<l  of  the  glaas  tube.  The 
tube  arid  filter  are  fixed  at  one  end  of  a  tight  lever,  which  ih  connter- 
poiHed  at  the  other  end  and  balanced  carefnlly  on  a,  knife  edg«.  The 
level'  was  made  of  a  narrow  strip  of  bi'a^ta  foil,  folded  for  the  sake  of 
increased  rigidity  into  a  A  -shape.  On  the  lever  between  the  knife 
edge  and  the  adjustable  connt«rpoiae  a  email  piece  of  platinum  is 
fised,  and  n-hen  the  balance  is  net  this  is  pressed  lightly  upwards 
against  a  platinum  point  which  is  held  in  position  by  e,  brass  arm. 
The  knife  edge  is  connected  with  one  terminal,  the  brass  arm  with 
the  other  terminal  of  a  circuit  containing  one  or  two  Leclanch^  cells 
and  a  Horse  sounder,  which  wc  have  adapted  so  as  to  serve  as  a 
contact  breaker  in  the  spark  cii-cuit.  Tho  moving  brass  lever  of  the 
Morse  is  prolonged  by  means  of  a  light  wooden  arm,  and  the  arm 
carries  a  wire  tipped  with  platinum  and  bent  so  aa  to  dip  into  a 
mercury  cup,  A  current  from  three  or  four  Grove  cells  is  passed 
nloug  this  wire,  and  the  circuit  is  completed  thitiugh  a  strong  electrO' 
magnet.  The  mercury  cup  is  placed  conveniently  so  as  to  illuminate 
tho  drop  as  It  falls. 

In  using  the  apparatus  the  following  is  the  procedure : — Several 
•Irops  are  passed  into  the  filter  paper,  and  the  counterpoise  is  adjusted 
so  that  contact  is  just  made  at  the  platinum  points.  Thus,  the  relay 
<!ircuit  is  complete,  and  as  a  consequence  the  lever  of  the  Morse  ib 
lield  down,  and  so  the  electromagnet  circuit  is  made  by  the  dipping 
of  the  platinum  tip  into  the  mercury  cup.  The  spring  and  counter- 
poise of  the  relay  and  the  mercury  cup  have  been  "  set "  so  as  to 
give  the  spark  at  break  at  about  the  moment  required.  When  the 
<lrop  detaches  itaelf  from  the  tube  the  equilibrium  of  the  balance  is 
upset,  the  conuterpoise  sinks,  and  so  breaks  the  relay  drcoit,  which 
consequently  breaks  the  electroma^et  circuit  at  the  mercury  stu&oe, 
and  the  spark  so  produced  illuminates  the  drop  at  some  point  in  itft 
descent.  This  point  may  be  varied  by  altering  the  "setting"  of  tibe 
relay  and  mercury  cup, 

VariouB  liquids  were  used  for  dropping :  fluorescein  dissolTod  in 
weak  ammonia  gave  very  good  results  for  two  or  three  drops  when 
dropped  into  water,  but  it  soon  diffused  through  the  column  of  water, 
and  the  drops  were  then  no  longer  clear,  as  the  efficient  rays  had  been 
absorbed  at  the  surface  of  the  column.  Milk  gave  excellent  results  ; 
but  even  when  considerably  diluted  it  is  disagreeable  to  work  with  on 
account  of  the  greaainess  that  accumulates  in  the  dropping  tube,  and 
of  the  cloudiness  produced  in  the  column.  A.  weak  solution  of  nitrate 
of  silver  dropped  into  a  column  of  weak  sodic  chloride  solution  was 
found  to  do  best,  as  very  good  rings  are  formed,  and  the  precipitate 
iDa_f  be  dischai^d  by  the  addition  of  a  few  drops  of  ammonia.  Th» 
i-asalts  figured  below  ore  those  obUinBi  m  ttna  way. 
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We  hare  observed  agreat  namber  of  drops  at  many  differeot  points 
of  their  fall  through  the  colatnn  into  whioh  they  bare  been  dropped, 
and  at  any  given  instant  have  found  that  a  fevr  definite  forms  repeat 
themselvee.  Thns  we  are  led  to  believe  that  the  conditions  of  faU, 
though  seemingly  not  altered,  vary  in  a  few  definite  ways,  so  that 
saccessive  drops  do  not  always  pass  ihrongh  the  same  ernes  of  phases. 
Indeed,  simple  observation  in  continooos  light  shows  clearly  difierences 
in  the  perfection  of  formation  of  the  rings  nnder  apparently  similar 
conditions.  Wc  have  fotmd  a  set  of  forms  for  a  particular  instant, 
and  from  the  various  sets  taken  for  successive  instants,  separated  by 
small  intervals,  we  have  picked  oat  series  of  forms  which  strike  as  as 
continnoufily  derivable  from  one  another. 
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It  will  be  seen  at  a  glance  from  the  fignres  that  the  variations  a 
in  the  nnimportant  partN,  wliilst  the  essential  parts  are  recognisably 
the  eame.  At  the  early  stages  the  drop  is  more  or  leae  spherical ; 
bnt  as  it  descunda,  it  gets  flatter  aud  flatter,  as  we  might  expect 
since  its  motion  is  resisted,  and  at  one  of  the  stages  becomes  almost 
disk-shaped,  and    passes    very    qiiickly    from    this    into    the    rin^ 

This  change  of  shape,  we  imagine,  is  dne  to  the  presenee  of  the 
vortex  motion,  the  distribution  of  rotation  in  the  ring  being  a  xtable 
arrangement  of  vortex  motion,  whilst  that  in  the  disk  is  nol.  The 
vortex  motion  in  the  drop  has  traTolled  from  the  boundary,  diffusing 
according  to  the  same  laws  as  those  which  govern  the  conduction  of 
heat,  the  quantity  corresponding  to  the  diffnaivity  in  the  conduction  of 
heat  being  In  this  case  p/p,  where  /i  is  the  coefficient  of  vincosity  aud 
p  the  density  of  the  liquid.  If  pfp  be  very  small,  the  vortex  motion 
will  not  travel  far  into  the  drop,  whilst  if  it  be  lai^e  it  will  all  have 
diffused  before  the  ring  has  become  disc-shaped.  Tn  neither  of  these 
canes  ehould  we  expect  the  disk  to  change  into  a  ring,  and  it  will  be 
seen  later  on  that  aa  a  matter  of  fjict  it  doen  uot. 

Effect  of  Dropping  one  Liquid  into  another. 
A  drop  does  not  always  make  a  ring  when  it  falls  into  a  vessel  con- 
taining liquid.    We  have  tried  the  effect  of  letting  a  drop  of  one 
liquid  fall  into  a  vessel  containing  another  liquid  tor  a  good  many 
substances.     The  results  are  given  in  the  following  table  : — 

Colnmn  of  Water : — 

Rings  are  formed  when  di-ops  of  the  following  liquids  are  let 
fall  into  a  column  of  water  :  milk,  alcohol,  blood,  aqueous  solu- 
tions of  sugar,  of  gnm  Arabic,  of  potash,  of  permanganate  of 
potash,  of  carbonate  of  potash,  of  sodic  chloride,  of  coppci' 
sulphate,  of  nitrate  of  potash,  of  oleate  of  soda,  of  nitrate  of 
ailver,  of  cobalt  chloride,  of  carbonate  of  soda,  of  ammonie 
chloride,  hydrochloric  acid,  acetic  acid,  nitric  acid,  Plateau's 
Boap  solution,  essence  of  carraway,  solution  of  iodine  in 
ammonia,  solntion  of  fluorescein  in  ammonia,  glycerine  and 
water,  sulphuric  acid. 
Globules  are  formed  when  drops  of  the  following  liquids  ai-e  let 
fall  into  a  column  of  water:  carbon  bisulphide,  cbloi-oform. 
ether,  olive  oil,  paraffin  oil,  turpentine. 
Colnmn  of  Paraffin  Oil  :— 

Rings:  carbon  bisnipbide,  chloroform,  ether,  olive  oil,  turpen- 
tine, butylio  alcohol, 
Globnies!    water,  alcohol,  essence   of    carraway,  glycerine    and 
water,  ditnte  Bolphnrio  acVd. 
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Column  of  Alcohol : — 

Rings  :  carbon  bisulphide,  chloroform,  water,  turpentine,  butylic 

alcohol,  sulphuric  acid. 
Globules:  olive  oil,  paraflSn  oil. 

It  will  be  seen  from  the  tables  that  a  drop  of  one  liquid  only  makes 
a  ring  when  let  fall  into  another  liquid,  when  the  two  liquids  can  mix, 
imd,  therefore,  when  the  surface  tension  is  very  small. 

The  following  experiment  shows  that  an  exceedingly  small  amount 
of  surface  tension  is  sufficient  to  prevent  the  formation  of  the  rings. 
Absolute  alcohol  dropped  into  benzene  gives  rings;  water  gives 
globules  :  to  about  10  c.c.  of  absolute  alcohol  water  was  added  drop 
by  drop,  the  mixture  was  stirred,  and  a  drop  was  let  fall  into  ben- 
zene. Until  after  the  third  drop  of  water  had  been  added,  little 
change  in  the  appearance  was  noticed  ;  a  ring  was  formed,  and  this 
subdivided  into  secondary  rings,  and  so  on.  After  the  fourth  drop 
was  added,  very  small  globules  began  to  appear  after  a  good  many 
subdivisions.  After  the  fifth  drop  was  added,  the  ring  first  formed 
subdivided  not  into  rings  but  into  flattened  globules.  After  the  sixth 
or  seventh  drop  was  added,  the  appearance  of  the  primary  ring 
changed ;  there  seemed  to  be  a  more  definite  surface  to  it ;  in  fact  a 
small  surface  tension  had  sprung  up.  The  globules  formed  on  subdi- 
vision of  the  ring  were  quite  disconnected  from  one  another,  whereas 
before  there  had  been  trails  or  festoons  following  each.  After  the 
seventh  or  eighth  drop  of  water  was  added,  the  formation  of  the 
primary  ring  seemed  uncertain ;  the  flattened  globule,  if  large,  broke 
up  in'egularly  into  smaller  globules  without  the  intervention  of  the 
ring  shape.  This  experiment  shows  that  if  a  liquid  A  forms  spheres 
when  let  fall  into  another  B,  then  A  may  be  diluted  with  more 
than  1000  times  its  volume  of  some  liquid,  which  has  no  surface  ten- 
sion with  B,  before  it  loses  the  property  of  zpaking  spheres. 

The  most  striking  proof,  however,  that  the  formation  of  the  rings 
does  not  depend  on  surface  tension,  is  the  fact  that  the  rings  are 
formed  when  the  liquid  of  which  the  drop  is  made  is  the  same  in  all 
respects  as  that  into  which  it  falls.  If  we  take  a  vessel  full  of  water, 
and  raise  from  it  by  means  of  glass  tubing  enough  water  to  make  a 
drop,  then,  when  this  drop  falls  back  again  into  the  vessel  from  the 
proper  height,  it  forms  a  ring.  After  a  little  practice,  it  is  easy  to 
distinguish  the  ring  from  the  rest  of  the  liquid,  and  this  may  be  done 
still  more  easily  if  we  mix  some  insoluble  powder  with  the  water. 

Experiments  icith  one  Liquid, 

Wo  found  on  trying  different  liquids  that  they  behaved  very 
differently  when  treated  in  the  way  we  have  just  described.  In  some 
of  them  a  distinct  ring  was  formed  by  the  drop,  whilst  in  oiWt^  ^3aa 
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di'op  lifter  fulling  into  the  liqnid  Heomed  to  spread  through  it  witliont 
aSBaming  any  definite  tdiBipe.  We  found  when  we  used  TBrioiw 
liqaids  thrit  if  thu  drops  were  let  fall  under  siiuilar  cireumstances,  tho 
results  depended  only  on  the  value  of  fi/p  (the  kinematic  coefficient  ot 
viscoHity  for  the  liquid).  This  is  shown  in  the  following  table,  where 
the  behaviour  ot  the  dro[>  and  the  vulue  of  fi/p  are  given  for  several 
liquids,  ivhich  we  have  divided  into  elaaaes.  The  visoosity  coefficient 
H  has  boon  determined  by  Poiseuille's  transpiration  method  ;  that  is, 
from  tlic  time  in  which  a  conatant  quantity  of  liquid  flows  nnder 
confitutit  presfluro  through  a,  fine  capillary  tube.  To  test  the  character 
of  tho  rings  formed  in  the  case  of  any  particular  liquid,  drops  of  it  are 
let  fall  into  a  column  of  it  from  throe  different  heights:  1st,  such 
that  the  drop  jutit  touches  the  surface  of  the  liquid  colnmn  at  the 
moment  it  detaches  itself  from  the  tube ;  this  height  of  fall  is 
denoted  in  the  table  by  "  fall  ^  0" ;  2nd,  such  that  the  tube  is  held 
i  inch  above  the  surface  of  the  trulumn;  3rd,  finch  that  the  tube  is 
held  J  inch  above  the  surface.  In  descHbing  the  character  of  the 
rings  we  have  used  terms  which  it  will  be  well  to  deSne.  "  Sptaeh  " 
denotoH  the  irregular  spreiid  of  the  drop  through  the  liquid  colanin  ; 
it  takes  place  with  whirls  and  eddies  irregularly,  and  is  difficult  to 
i-epresent,  but  the  figure  (5)  would  probably  recall  the  appearance  to 


one  who  had  seen  the  reality.  "  Uncertain  "  expresses  that  a  ring  or 
a  splash  is  formed,  one  as  often  as  the  other.  "  Blob  "  denotes  the 
appeai-ance  of  a  drop  that  does  not  break  and  spread  through  the 
«o]amn,  but  remains  within  its  boundary ;  the  figure  (6)  ropresentK 


the  case.     "  Doubtful "  denotes  that  the  drop  tends  to  become  a  rii 
but  that  it  is  a  question  whether  it  ever  leaves  the  state  of  a  blob. 
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Sola. — (i.)  Oleitte  of  soda  solution  jn  water,  made  of  that  «trt!i]gtb  which  beat 
gme  cert&in  reeulta  when  »  drop  was  let  fiill  into  &  epecia!  sample  of  pujuffin  oil  (see 
b«low}. 

(ii.)  Sulphuric  aud  III,  a  miituro  of  acid  and  water,  made  by  adding  water  to 
ttrong  aoid  until  drops  taken  from  the  mixture  anil  let  fall  into  it  gsTe  ring!  as  good 
u  man;  of  the  liquids  in  Clus  11. 

(iii.)  Paraffin  oil  such  as  is  ordinarilj  used  in  lampe, 

(It.)  Qljcerine  II,  a.  miiture  of  gl;c«riiio  aud  water,  dilute  enough  to  bring  it 
only  just  into  Chua  II. 

(t.)  Sugar  Bolution  in  water,  ao  etrong  as  just  to  gire  rings  when  dropped  inlo 
itttilf. 

(vi.)  Paraffin  oil  11,  a  special  aamplo  of  oU  that  we  have  not  been  able  to  uiatoh, 
taiA  whieb  will  he  referred  to  below  (p.  iSi). 

(tu.)  Sulphuric  acid  II,  made  of  suoh  strength  that  it  should  belong  bj  tha 
chaiHoter  of  its  ring  to  Claw  lit. 

(yiii.)     Sulphuric  acid  I,  atrong  eomoiereial  acid. 

(ix.)  Glycerine  I,  diluted  with  water,  but  still  of  suoh  strength  that  rings  weM 
never  formed  bj  drops  ot  it  falling  into  a  column  of  it. 

These  esperimonts  indicate  that  the  nature  of  the  motion,  after  tba 
drop  has  fallen  into  the  liqatd,  depends  upon  the  value  of  /i//>.  Now 
lilp  m  a  quantity  of  the  dimensions  of  the  product  of  a  length  and  ft  ' 
velocity,  bo  that  nothing  can  depend  upon  the  absolute  value  of  this 
quantity,  bnt  only  on  the  ratio  of  it  to  the  product  of  some  length 
and  velocity  in  the  system.  The  most  obvious  length  in  the 
system  -with  which  njp  can  be  connected  is  the  size  of  the  drop  or 
ring.  If  this  is  so,  diminishing  the  size  of  the  drop  when  /i//>  is  kept 
constant  ought  to  produce  the  same  effect  as  increasing  njfi  when  the 
size  of  the  drop  is  kept  constant.  Now  if  we  take  a  liquid  fi'om 
Class  I,  the  cSect  of  increasing  fijp  sufBcieiitly  would  be  to  make  it 
behave  like  one  in  Claas  II,  that  is,  give  very  much  better  rings,  so 
that  for  a  liquid  of  this  kind  we  should  expect  that  small  drops  would 
make  better  rings  than  large  ones.  To  test  this,  we  repeated  the  ex- 
periments with  the  liquids  of  Ctase  I,  using  much  smaller  drops  tlian 
wo  used  before,  and  we  found  that  now  they  made  rings  much  more 
readily  and  certainly,  in  fact,  with  this  sized  drop,  they  deserved  to 
be  put  into  Class  II.  If  we  try  the  same  thing  with  iiquids  in 
Class  m,  we  find  that  the  rings  are  worse  with  smalt  drops  than 
with  large.  On  the  other  hand,  increasing  the  size  of  the  drop  when 
fijp  is  kept  constant,  should  have  the  same  effect  as  dimiuisbing  filp 
when  the  size  of  the  drop  remains  constant,  so  that  if  we  repeal,  the 
experiments  with  liquids  from  Class  IV,  using  larger  drops  than 
before,  we  should  expect  to  get  better  rings.  Experiment  showed 
this  to  be  the  case.  Large  drops  were  obtained  by  dipping  a  piece  of 
glass  tubing  into  the  liquid  (e.j.,  strong  sulphuric  acid),  and  then 
raising  the  tube  after  closing  the  top  with  the  finger ;  on  removing 
the  finger,  a  considerable  quantity  of  liquid  flows  through  the  tube, 
making  a  large  ring.     The  velocity  with  which  fijp  would  be  most 
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naturally  connected  is  the  velocity  of  the  drop ;  it  is  not  possible, 
however,  to  alter  this  very  much  withont  introducing  great  dis- 
turbance into  the  liquid. 

These  results  admit  of  very  easy  explanation,  if  our  theory  of  the 
formation  of  the  rings  is  correct.  According  to  this,  the  reason  that 
the  liquids  in  Class  I  do  not  make  ring^  is  because  the  vortex  motion 
has  not  penetrated  sufficiently  into  the  drop  to  make  it  break  up, 
when  it  becomes  disk-shaped.  If,  however,  the  drops  be  made 
smaller,  the  vortex  motion  has  a  better  chance  of  filling  it  before  it 
becomes  disk-shaped,  and  so  causing  it  to  break  up  into  a  ring. 
When  fijp  is  very  large,  as  is  the  case  for  liquids  of  Class  TV,  the 
vortex  motion  is  dissipated  so  quickly,  that  though  the  drop  may 
have  been  filled  with  vortex  motion,  this  has  all  diffused  away  before 
the  drop  reaches  the  disk-stage.  If  we  make  the  drop  larger,  it  will 
take  longer  to  get  full  of  vortex  motion,  and  there  may  be  enough  left 
in,  by  the  time  it  gets  disk-shaped,  to  cause  it  to  break  up  into  a  ring. 
There  is  another  way  in  which  the  formation  of  rings  by  liquids  of 
Class  lY  may  be  promoted :  suppose  that,  instead  of  letting  a  drop 
fall  into  a  column  of  the  same  liquid,  we  let  it  fall  into  another 
liquid  for  which  fijp  is  smaller;  then  since  this  liquid  is  a  worse 
conductor  of  vortex  motion  than  the  drop,  the  vortex  motion  will  not 
diffuse  so  readily  into  the  surrounding  liquid.  Thus  we  should 
expect  the  drop  to  form  a  ring  more  readily  than  before;  and  we 
have  found  this  to  be  the  case.  Thus,  for  example,  drops  of  sul- 
phuric acid  I  from  Class  lY,  let  fall  into  either  sulphuric  acid  II  of 
Class  III  or  sulphuric  acid  III  of  Class  II,  give  rings.  Similarly 
with  solutions  of  sugar,  of  caustic  potash,  and  of  glycerine. 

These  effects  are  sometimes  masked  by  the  effects  produced  by 
difference  of  density ;  for  if  the  drop  is  much  heavier  than  the  liquid 
into  which  it  falls,  it  will  fall  faster,  and  this  will  promote  the 
formation  of  the  ring.  If  we  guard  against  this  source  of  error,  we 
may  see  that  if  a  drop  does  not  make  rings  when  it  falls  into  a  column 
of  the  same  liquid,  it  will  not  make  rings  when  it  falls  into  a  column 
of  another  liquid  of  the  same  density,  but  for  which  fijp  is  greater ; 
but  it  may  make  rings  if  fijp  be  less  than  for  the  drop. 

On  the  Splitting  up  of  the  Rings. 

When  a  ring  has  travelled  some  little  distance  through  the  liquid, 
its  outline  generally  becomes  irregular,  and  after  a  time  takes  the 
corrugated  appearance  shown  in  fig.  I.  The  corrugations  become 
more  and  more  marked  as  the  ring  falls,  until  the  appearance  is  that 
represented  in  fig.  8,  7 :  the  drops  at  the  bottom  of  the  bends  develop 
rings  in  the  same  way  as  the  ring  itself  was  originally  developed. 
This  process  of  subdivision  is  repeated  several  times,  until  the  ring 
assumes  the  appearance  shown  in  fig.  7. 
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Fig.  7. 


The  B6p&rate  rings  always  feniain  eonnocted  with  each  other  by 
threads  of  liquid ;  this  shows  that  there  ifl  no  anrfsice  tension  ;  for  if 
there  were,  these  threads  wonid  break  np  into  drops.  The  only 
stajre  at  which  the  naotion  is  discontinuoua  is  when  the  drops  are 
changed  into  rings.  The  change  from  the  ring  shape  to  stage  2 
(fig.  1)  occurs  quite  gradually,  and  there  is  nothing  analogons  to  the 
separation  which  takes  place  when  a  cylinder  of  liquid  splits  cp  into 
drops.  We  have  made  a  great  many  experiments  on  the  sabject,  and 
hare  arrived  at  the  conclusion  that  two  conditions  are  necessary  for 
the  splitting  up  of  the  rings. 

1.  The  liqnid  forming  the  ring  must  be  of  density  different  from 
that  of  the  liqnid  into  which  it  falls. 

2.  There  must  be  motion  in  the  liquid  into- which  the  drop  falls. 
We  suppose  that  the  splitting  ap  takes  place  in  the  following  way. 

In  consequence  of  the  motion  in  the  column  of  hqnid  the  ring  gets  a 
little  nneven,  more  of  the  liquid  collecting  in  one  part  of  the  ring 
than  another.  Now,  if  there  is  plenty  of  vortes  motion  in  the  ring, 
this  irregnlarity  will  not  be  permanent,  as  the  anchor  ring  with 
uniform  cross  section  is  the  stable  form  for  the  motion,  so  tbat  unless 
the  disturbing  force  is  too  great,  the  ring  will  oscillate  about  the 
anchor-ring  shape,  and  the  irregnlarity  will  not  increase.  If,  however, 
the  vortex  motion  in  the  ring  be  small,  it  may  not  be  able  to  balance 
the  disturbing  forces  and  the  irregularities  will  increase.  The  dis- 
tnrbance  is  due  to  the  resistance  of  the  liquid  in  the  column,  the 
places  where  the  liquid  in  the  ring  has  collected  falling  faster  than  the 
remaining  portions  of  tbe  ring ;  the  ring  consequently  takes  in  time 
some  such  appearance  as  that  shown  in  fig.  8  (7  and  £),  The  thicker 
portions  will  behave  now  as  the  drop  did  when  it  fell  into  the  column, 
and  tbej  will  develop  rings  in  jiiat  the  same  way. 
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The  observations  on  wbioh  we  Imm  thete  conclaaiotis  are  the 
following : — 

We  have  never  seen  a.  ring  brealc  ap  vben  the  liqnid  forming  the 
ring  was  the  same  in  all  respects  as  tliat  anrronnding  it.  If  the 
temperatnre  of  the  drop  be  different  from  thai  of  the  column,  or  if  so 
much  powder  has  been  added  to  the  drop  as  to  make  the  difference  of 
the  density  appreciable,  there  is  breakiDg  Dp. 

The  number  and  size  of  rings  into  which  the  original  ring  breaks, 
and  their  manner  of  distribntion  ronnd  its  oircomference,  are  qnite 
irregnlar. 


I 
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When  the  liquid  into  which  the  drop  falls  has  been  allowed  to  rest 
for  some  hoars,  a.  ring  will  go  much  further  and  will  last  much 
longer  without  spHtting  np,  than  when  it  follows  on  a  succession  of 
rings.  Some  rings  of  very  dilute  permangBnatB  have  thus  been  ob. 
Bervod  to  last  for  a*,  long  as  ten  ra.inutes. 

When  there  is  little  difierence  in  the  denaitj-  of  the  drop  and  the 
liquid  into  which  it  falls,  the  ring  does  not  break  np  until  there  ia  no 
yortez  motion  in  it. 

When,  however,  the  difference  in  density  is  large,  the  ring  may 
break  up  while  it  is  still  rotating. 

If  a  tube  be  drawn  oat  into  a  fine  capillary  and  be  filled  with  snl- 
phuric  acid,  and  held  so  that  its  capillary  end  is  just  beneath  Ihc 
anrfacc  of  a  column  of  water,  a  fine  stream  of  acid  flows  down  ;  and 
on  it  marked  headings  appear.  Eaoh  bead  gives  rise  to  a  vortex  ring, 
and  the  rings  so  formed  behave  in  charaoteristic  manner  (fig.  9.) 


Here  tlierc  seems  strong  evidence  of  a  tension  between  the  acid  and 

the  water,  bnt  the  appearances  are  to  be  explained  by  differences  of 

mTelocitf  in   the  stream,  brought  about  by  motion  in  the  column  of 
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water,  or  by  vibrations  commimicated  to  the  capillary  tabe.  If  the 
experiment  be  made  with  all  care  to  avoid  vibration,  the  stream  falls 
nnbroken  through  a  colamn  of  8  inches  of  water:  whilst  if  a  tap 
be  given  to  the  acid  tabe  a  break  occurs  in  the  stream,  in  consequence 
of  a  momentary  stop  in  the  flow  of  acid,  a  small  bead  is  formed,  and 
from  it  a  ring.  If  no  care  is  taken  to  avoid  vibration  the  beads  will 
follow  one  another  very  rapidly.  It  may  be  objected  that  if  there 
existed  a  surface  tension,  it  would  only  be  when  disturbances  were 
communicated  that  headings  would  appear.  But  in  such  a  case,  the 
resolution  into  drops  would  be  complete,  and  small  spherules  would 
be  formed  between  the  larger  drops.  In  fact,  however,  the  con- 
nexions between  the  headings  are  fine  filaments  of  acid,  so  that  the 
headings  are  never  really  separated  from  one  another.  We  have, 
moreover,  convinced  ourselves  of  the  correctness  of  this  explanation, 
by  allowing  a  stream  of  cold  water  with  lycopodium  powder  to 'flow 
from  a  fine  tube  into  a  column  of  slightly  warm  water ;  similar  cessa- 
tions in  fiow  and  formations  of  headings  may  be  observed ;  the  rings 
are  not  well  formed,  but  this  is  to  be  expected,  for  the  conditions  are 
not  nearly  so  favourable. 

Experiments  with  two  Liquids  between  which  there  is  Tension. 

When  there  is  a  very  small  tension  between  the  liquid  of  the  drop 
and  that  in  the  column,  some  very  interesting  results  are  obtained . 
In  a  few  cases  a  ring  is  formed  for  a  moment,  but  is  almost  imme- 
diately broken  up  into  drops  and  spherules.  As  instances  of  such 
cases  we  may  mention  strong  caustic  potash  solution  dropped  into 
paraffin  oil :  strong  sulphuric  dropped  into  turpentine  or  into  para£Bii 
oil :  a  certain  mixture  of  turpentine  and  alcohol  dropped  into  paraffin 
oil :  a  mixture  of  alcohol  and  chloroform  dropped  into  water :  and 
the  mixture  of  alcohol  and  a  few  drops  of  water  dropped  into  benzene 
(see  above,  p.  423).  In  most  cases  the  drop  falls  through  the  liquid 
shaped  like  a  disk,  and  in  the  first  part  of  its  course  changes  its  shape 
very  considerably.  These  changes  may  be  well  observed  in  the  case 
of  a  drop  of  sodium  sulphate  solution  falling  through  paraffin  oil; 
they  are  shown  in  fig.  10. 

At  first  the  drop  is  nearly  spherical  (»)  ;  then  it  becomes  flattened 
(ft)  ;  next  it  becomes  quite  flat  underneath  or  sometimes  even  hollow 
(7),  the  top  remaining  curved.  During  all  this  time  the  velocity  of 
the  drop  has  been  changing.  The  top  now  gets  flatter  and  flatter 
{^y  ^i  D)  while  it  begins  to  bulge  out  at  the  bottom  till  the  drop  is 
saucer-shaped  (1/,  6),  hollow  at  the  top,  and  rounded  at  the  bottom,  and 
we  perceive  that  it  is  followed  close  on  by  a  vortex  ring  in  the  liquid  of 
the  column.  It  now  moves  with  constant  velocity  through  the  liquid 
as  though  it  met  with  no  resistance,  differing  in  this  respect  from  the 
case  where  the  drop  falls  as  a  ring,  when  ita  NeHoci^rj — ^xis^^weR^  *^ 
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difFerence  of  denaity  is  very  great — continnally  diminishes.  We  see 
the  reaaOD  for  this  to  be  that  the  vort«x  at  the  back  of  the  disk  since 
it  tends  to  make  the  liquid  move  along  its  stream  lines,  irill  increase 
the  pressure  in  the  rear  and  thns  diminish  the  resistance.  .  In  fact  we 
see  that  what  the  vortex  does  is  to  make  the  conditions  very  mach 
the  same  as  if  the  sancer-shaped  drop  were  moving  in  a  stream 
flowing  with  the  same  velocity.  The  existence  of  the  following  vortex 
IS  shown  in  a  very  beautiful  manner  in  the  next  stages  repreeoDted  at 
(  and  E  in  the  fignre :  the  edges  of  the  saucer-shaped  disk  become 
thinned  out  U>  such  an  extent  by  the  action  of  the  radial  streams  above 
and  below,  that  they  are  drawn  out  into  fine  filaments  which  imme- 
diately break  up  into  small  spherules,  and  these  are  carried  round  in 
the  vortex  behind  the  drop. 

These  latter  stages  are  best  shown  in  the  case  of  a  certain  solution 
of  oleate  of  soda  let  fall  into  a  special  sample  of  paraffin  referred  to 
above  (p.  426),  aud  the  changes  are  represented  in  fig.  11. 

If  only  a  small  drop  of  oleate  is  let  fall,  the  steady  stat«  is  reached 
before  the  spherules  are  detached,  and  the  drop  falls  in  the  shape 
ebown  st  a.    If  a  slightly  \argeT  drop  falls,  then  the  form  b  is  reached, 
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tind  persists  antil  so  miiRfa  of  the  drop  luu  been  whirled  off  into  the 
folloning  vortex  th&t  the  form  a  is  reached  again,  and  the  velocity 
of  fall  never  attains  snch  a  value  as  to  bring  about  the  thinning  ont 
of  the  edges.  If  a  still  larger  drop  is  let  fftll,  the  forms  Cj,  C^,  and  G, 
are  assamed,  in  which  the  thin  cylindrical  part  at  the  edge  in  at  first 
vibrating  up  and  down,  until  the  Bteady  phase,  C3,  is  reached :  this 
will  by  degrees  be  reduced  to  the  form  6,  but  the  colamn  of  paraffin 
was  not  long  enough  for  ns  to  obaerre  the  final  form  n.  If  a  still 
larger  drop  of  oleate  is  used,  the  vibrations  of  the  cylindrical  part,  d, 
are  so  great  that  the  drop  is  torn  asander  and  such  disturbance  is 
produced  in  the  colamn  that  a  steady  fall  is  not  attained.  These 
resntta  may  be  obtained  by  increasing  tbe  strength  of  the  oleat« 
solution  and  keeping  tbe  size  of  the  drop  constant. 

One  more  case  of  interest  may  be  described,  namely.,  tWl  i^^  ^^cv^ 
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of  carbonate  of  soda  dropped  into  paraffin  oil.  Tha  phases  are  ropi-e- 
scutcd  in  fig.  12,  The  eiarlier  ones  are  somewhat  aimilar  to  tbose 
above  described.  But  the  phase  shown  at  e  is  diEEerent.  Hci'e  it 
seems  quite  a  chance,  as  it  were,  that  the  disk  does  nob  break  into  a 
ring.  The  instAbilitj  is  immediately  shown  by  the  oscillations,  which 
begin  at  this  point  and  continue  iu  a  regular  manner  through  a  fall 
of  more  than  'i  feet.  An  attempt  is  made  to  show  this  in  the 
phases  f,  q,  0.  A  Ihickoning  appears  st  one  side,  and  the  oiiposit« 
edge  thins  off  considerably,  and  these  irregalai'ities  travel  regularly 
rannd  the  drop  as  it  falls  throagh  the  column. 

Eff'-H  of  tJit}  H'-i'jht  of  Fall  on  the  Ibrmatioii  of  the  Sing. 
We  have  found  that  alleration  of  the  height  from  which  a  drop  falls 
before  reaching  the  eni'face  of  the  coloinn  modifies  the  formation  of 


the  rings  con  side  rablj-.  Good  rings  are  formed  only  within  small 
limits  of  height — from  about  1  to  3  inches,  accordinj^  to  the  size  of  the 
drop.  Above  3  inches  it  is  only  when  the  drop  falls  back  into  the 
-column  after  rebound  that  a  ring  is  formed,  and  that  very  irregularly. 
Bat  witbia  the  limits  tor  any  particular  size  of  drop  rings  are  maeh 
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better  formed  from  some  heighte  than  from  others.  We  have  obaerred 
many  cases,  varying  the  sise  of  the  drop,  the  liquid  of  which  it  i« 
composed,  and  the  tension  of  the  snrfoce,  and  bare  found  that  the 
variations  in  goodneea  of  the  rings — where  goodness  is  judged  by  the 
length  of  path  in  the  liqnid — depend  on  the  variations  in  the  shape  of 
the  drop  at  the  moment  it  tonches  the  snr&oe.  Carves  were  plotted 
out,  abecisata  being  taken  equal  to  the  height  of  fall,  and  ordinates 
equal  to  the  depth  to  which  the  ring  goes  without  breaking  np.  The 
curves  show  two  or  more  maximum  points  :  the  abscissa  valnes  for 
these  diiTer  from  one  another  by  lengths  which  may  be  reduced  to  time 
intervals.  We  find  that  there  is  very  fair  agreement  between  the 
intervals  so  calculated  and  the  periods  of  vibration  of  the  drop  abont 
the  spherical  form.  With  small  drops  of  water  there  are  several 
maxima  close  together,  bat  more  widely  separated  as  the  fall  gets 
longer  (6g.  13).      The  equivalent  intervals  arc  about  -^  ot  a,  second. 


whilst  the  period  of  vibration  of  a  drop  of  the  size  used  is  about  . 
jJg  of  a  second.  With  as  large  drops  as  can  be  formed  from  a  to' 13. 
there  are  only  two  maxima  separated  by  an  interval  eqnivaLent<i  CWci. 
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of  a  second.  Tbe  period  of  vifaiiition  of  ench  a  ttrop  woa  calculateil 
to  be  5*7  of  a  aecond. 

The  effect  of  diminiahiug  the  tensioii  would  be  to  increase  the 
period  of  vibratioii.  In  experiment  we  have  obserred  that  the  separa- 
tion of  the  maxima  is  much  gi-eater  in  the  cases  of  paraffin  and  of 
tarpentine  and  of  alcohol.  Bnt  difficnlties  were  experienced  in  the 
fact  that  drops  of  these  liquids  when  let  fall  from  small  heights  ap 
to  about  half  an  inch,  gcnemlly  assamed  the  spheroidal  state.  Kqaal 
drops  of  water  and  of  weak  olcate  of  soda  solntiun  were  let  fall  into 
water,  and  it  was  found  tliat  the  separation  of  maxima  was  nearly 
twice  aa  great  for  the  olcate  as  for  the  pure  water. 

In  tba  ease  of  Urge  drops,  drops  let  fall  from  a  point  midway 
between  the  points  to  which  maxima  correspond  are  nearly  always 
broken  up  without  the  formation  of  a  ring.  In  the  case  of  email 
drops  rings  are  nearly  always  farmed,  bat  the  depth  of  their  paths  in 
the  liquid  varies  from  abont  half  an  inch  to  5  inches. 
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As  iu  the  experimental  researches  previonsly  pablished  on  the  sub- 
ject of  the  present  paper,  the  methods  employed  have  been  for  the 
most  part  entirely  different  from  those  which  I  have  found  best 
adapted  to  the  purpose,  1  have  after  much  consideration  judged  it 
inexpedient  to  lengthen  an  already  long  communication  by  giving  an 
account  of  them. 

The  scope  of  my  inquiry  has  been  strictly  limited  to  one  question, 
viz.,  that  of  the  influence  of  labour  in  modifying  the  normal  relation 
between  food  and  excreta.  I  have  made  no  attempt  to  investigate  the 
mode  in  which  nitrogenoufl  products  came  into  existence  in  the 
organism. 

The  only  published  experiments  of  any  importance  which  bear 
strictly  on  the  subject  of  inquiry  are  those  of  Dr.  Parkes,*  contributed 
to  the  Royal  Society  in  1867  and  1871,  and  those  of  Dr.  Austin  Flint, 
on  the  pedestrian  Weston,  1871.t  The  results  of  these  two  investi- 
gations were  as  follows  : — 

Dr.  Parkes  found  that  during  or  immediately  after  severe  labour, 
the  discharge  of  nitrogen  was  more  or  less  increased  ;  the  increase, 
however,  was  so  inconsiderable  that  it  might  well  be  questioned 
whether  it  could  not  be  accounted  for  as  dependent  on  the  more 
perfect  absorption  of  food,  for  although  the  diet  of  the  soldiers 
experimented  apon  was  carefully  regulated,  and  the  nitrogen  it  con- 
tained determined  by  analysis,  with  the  result  that  before  work  the 
quantity  of  nitrogen  taken  in  considerably  exceeded  the  quantity 
discharged,  the  two  became  practically  equal  during  the  work  period, 
consequently  if  the  whole  period  of  observation  is  taken  into  account, 
the  nitrogen  discharged  is  found  ta  be  more  than  balanced  by  that  of 
the  food. 

Dr.  Austin  Flint,  on  the  other  hand,  found  that  over  the  period  of 
work  the  increase  of  discharge  was  so  large  that  no  such  explana- 
tion appeared  to  him  admissible;  if,  however,  comparison  is  made 
of  the  intake  with  the  output  of  nitrogen  during  the  whole  time  of 
observation,  comprising  the  three  periods  of  five  days  each  before, 
during,  and  after  labour,  it  is  found  that  the  two  are  unequal,  the 

*  ''On  the  Elimination  of  Nitrogen  during  Best  and  Exercise  on  a  Eegulated 
Diet,"  "  Proc.  Eoy.  Soc.,"  vol.  15,  p.  839,  vol.  16,  p.  44,  1867  j  vol.  20,  p.  402, 1871. 
t  "  New  York  Medical  Journal,"  June  1871,  p.  609. 
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(iiffprence  ia  favoar  of  the  nitrogen  of  tko  food  amounting  to 
•111  grains  ia  a  total  of  5075. 

Tliese  resttUa  were  Bnbjet-ted  to  careful  expDriiDentnl  criticism  in 
I8?6,*  hy  Dr.  Pavj-,  who  showed  aa  the  result  of  hia  own  analyses 
that  the  immediate  effect  of  labour  in  increaHing  the  nitrogen  output 
(■f  the  body  la  more  than  compensated  by  the  concomitant  and  buIi- 
eequent  intake. 

It  is  (nriher  to  be  considered  that  whateyer  resnlts  had  been  obtained 
by  Dr.  Aflstin  Flint,  they  could  not  have  been  received  without  some 
miagiTiiig,  for  his  methoda  of  reseapeh  were  inBufficient  as  bases  for 
quantitative  statement ;  thus  the  nitrogen  of  ihc  nriue  was  throughout 
determined  by  a  process  which  is  known  to  be  liable  to  errors  of 
variable  amount,  which  no  care  on  the  port  of  the  woiJcer  ia  adcqnat« 
to  guard  against.  So  also  as  regards  the  intake  of  nitrogen.  Dr.  Flint's 
CKtimates  were  for  the  most  part  founded,  not  on  analyses  of  the 
iniiterial  actanlly  used,  bat  ou  calculations  baaed  on  the  percentages 
given  in  M.  Piiyon'a  tables, t  percentages  which  are  kuowa  to  be  at 
K'Bt  only  approTimately  correct ;  moreover,  the  diet  of  Weston  was  of  so 
complicated  anA  vai-iable  a  compoaiiion,  that  even  if  each  constituent 
hnd  been  analysed,  the  result  would  atill  have  been  open  to  question. 

The  circnmslances  under  which  Dr.  Austin  Flint  had  to  make  hia 
observations  probably  made  it  imposaible  for  him  even  to  attempt  to 
secure  uniformity  of  diet.  In  this  respect  the  conditions  of  Dr.  Parkes' 
experiments  were  immeasurably  superior ;  fnlly  recognising  that 
uniformity  was  essential,  he  ted  hia  men  in  the  simplest  possible  way. 
He  was  not,  however,  able  to  accomplish  this  without  employing  a 
diet  which  was  so  different  from  that  to  which  as  soldiers  they  were 
accustomed  that,  however  satisfactory  its  elementary  composition 
niight  be,  it  could  scarcely  be  considered  as  natural. 

Notwi  the  fan  ding  thia  difficulty,  the  ejtperimenta  of  Dr.  Parkes 
render  it,  to  say  the  least,  highly  probable  that  the  immediate  effect  of 
labour  is  to  increase  the  discbarge  of  nitrogen,  they  leave  itundecided 
whether  or  not  this  increase  occurs  at  the  cipenBe  of  stored  material 
independent  of  any  concomitant  or  subsequent  increase  of  intake. 

If  this  be  so,  the  results  of  experiments  conducted  nnder  natnnil 
conditions  and  by  perfectly  accurate  methods,  ought  to  show  that  if 
the  nitrogen  output  were  graphically  repressnted  during  the  course  of 
it  by  a  curve,  in  the  construction  of  which  the  quantity  of  nitrogen  in 
the  food  was  taken  as  base  line  or  axis,  tlie  part  of  snch  output  curve 
corresponding  to  the  previous  period  would  be  a  more  or  less  horizontal 
line  below  the  level  of  the  aiia.  That  corresponding  to  the  period 
dui-ing  or  immediately  following  work  will  show  an  elevation,  followed 
by  a  depression  of  less  amplitude  but  longer  duration,  coi're.ipouding 

•  "  Lancet,"  1H7G,  vols,  i  and  ii. 

f  "  Trail*  des  SubBtance*  Alimoutaire*,"  P«ri«,  1885. 
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to  the  subsequent  period,  and  the  form  of  the  curve  would  be  such 
that  of  the  two  spaces  included  between  it  and  the  axis,  the  one 
above  would  never  exceed  the  one  below,  provided  the  period  of  obser- 
vation were  sufficiently  prolonged.  It  has  been  a  primary  object  of 
the  present  inquiry  to  determine  whether  a  result  in  this  form  can  be 
invariably  obtained  or  not;  its  value,  if  obtained,  would  lie,  not  of 
course  in  its  affording  evidence  that  increased  expenditure  of  nitrogen, 
consequent  on  work,  is  balanced  by  diminished  expenditure  afterwards 
(for  this  has  been  already  shown,  and  has  in  itself  very  little  signifi- 
cance), but  in  its  proving  that  the  increase  is  not  and  cannot  be  an 
effect  of  increased  intake,  that  the  ov^r-expenditure  of  nitrogenous 
mater i£d  which  work  determines  is  exclusively  expenditure  of  pre- 
viously stored  material,  and  consequently  that  the  degree  of  effect 
produced  by  work  will  vary  according  to  the  state  of  the  body  in 
respect  of  storage  at  the  time  at  which  the  work  is  done. 

The  subject-matter  of  the  present  paper  will  for  the  sake  of  clear- 
ness be  discussed  under  the  following  heads  : — 

(1.)  Plan  of  Experiment. 

(2.)  Observations  on  Pulse,  Temperature,  Bespirationy  and  Body- 
Weight,  before,  during,  and  after  work. 

(3.)  Experimental  Diet. 

(4.)  Methods  of  Collecting  Excreta. 

(5.)  Methods  of  Analysis  of  Food  and  Excreta. 

(6.)  Nature  of  the  Work  done. 

(7.)  Detailed  Statement  and  General  Summary  of  the  Quantitative 
Kesults  of  Experiments. 

In  the  concluding  paragraphs  an  attempt  will  be  made  to  set  forth 
the  inferences  to  which  the  experiments  lead,  and  to  indicate  the  direc- 
tion which  must  be  given  to  further  inquiry. 

The  Flan  of  Experiment. 

I  always  began  an  experiment  with  the  intention  that  it  should 
extend  over  at  least  nine  days,  which  I  divided  as  follows : — Four 
days'  ordinary  occupation,  one  day  work,  and  a  second  period  of  four 
days'  ordinary  occupation,  or  more  if  I  thought  it  necessary  for  the 
complete  subsidence  of  any  effects  produced  by  the  work.  In  addition 
to  this  I  usually  prepared  myself  some  days  (ten  or  twelve)  before, 
by  living  exceedingly  regularly,  and  always  having  the  same  kind, 
and  as  nearly  as  possible,  without  weighing,  the  same  quantity  of 
food  ;  further,  in  order  to  get  rid  of  what  in  a  former  paper*  I  have 
called  reserve  nitrogen,  I  have  found  it  necessary  somewhat  to  increase 
my  daily  exercise  for  a  few  days  before  commencing  an  experiment, 
or,  as  in  my  later  investigations,  to  take  the  additional  precaution  of 

•  "  Journal  of  Phyiiology,"  voL  L 
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ulistainifig  from  food  for  tlairty-si^  honra.  Jndged  by  the  reBnlts. 
this  seema  to  bring  about  the  desired  effect  more  rapidly  and  witl: 
greater  certainty  than  increased  exereise,  and  Yibs  the  advantage  ol 
not  cBuxing  anch  great  systemic  diBtiirbance — at  least  in  my  own  caae 
In  the  paper  above  referred  to  I  have  stated  my  belief  as  the  resnll 
of  eiperinient  in  the  posnibility  of  storing  in  the  body  a  certain 
nmonnt  of  nitrogen,  which,  when  occasion  arises,  is  discharged  again, 
and  I  fonnd  in  these  experiments  that  my  mode  of  life,  nnd  partica- 
liirly  the  am o an t  of  food  which  I  had  been  taking  in  the  previous 
wpek,  matenally  influenced  the  effect  produced  by  the  inanition: 
that  IB  to  »ay,  that  in  the  one  case,  in  which  I  had  not  been  living  np 
to  my  nanal  standard  of  diet  for  some  little  time  before  the  fast  com- 
menced, the  nitrogen  carve  began  to  descend  immediately  and  very 
rapidly  to  its  minimum  ;  whereas  in  the  second,  in  whiuh  the  reverse 
Cdudition  pertained,  that  is  to  Bay,  when  for  a  week  before  the  expeTi- 
nient  I  had  been  living  somewhat  more  geiieronsly  than  usual,  the 
nitrogen  carve  descended  more  slowly,  and  the  general  effect  of  the 
starvation  npon  me  was  very  muoh  loss  ;  I  would  lay  particular  Btrosa 
tipon  these  facts,  aUhongh  beyond  the  nse  of  the  term  "store  nitro- 
gen," I  have  attempted  no  explanation  of  them,  because  they  will  \f; 
found  to  havea  very  important  bearing  upon  the  results  of  the  experi- 
ments which  form  the  subject  of  this  paper. 

Having  thus,  in  one  way  or  the  otlier,  i.e.,  either  by  starvation  or 
increased  erercise  and  regulated  diet,  prepared  myself,  I  pat  myself 
upon  the  special  experimental  diet,  going  about  my  work,  and  Uvin;^ 
just  as  usual,  except  that  my  meal-times  and  the  quantity  of  food 
taken  daily  were  regnlated  with  great  exactness. 

In  the  earlier  experiments  I  performed  the  whole  of  the  analyses 
myself,  and  in  all  I  have  personally  weighed,  prepared,  and  cooked 
every  article  of  my  diet. 

The  analyses  oE  food,  nrine,  and  feecea,  made  in  1882  and  188:1, 
were  made  for  me  by  a  skilled  assistant,  and  I  may  take  this  oppor- 
tunity to  remark,  that  with  my  present  mode  of  eiperiment,  the  labour 
involved  is  so  great  as  to  render  it  quite  impossible  for  any  one  to  bo 
at  the  same  time  the  subject  of  the  experiment  and  the  analyst,  apart 
from  the  fact  that  for  many  reasons  it  ia  very  undesirable. 

Observations  on  PuUe,  Temperature,  Respiration,  and  Body-  Weight. 

These  were  made  regularly  twice  a  day,  immediately  on  waking  in 
tlie  morning,  and  just  before  going  to  bed  at  night. 

The  Fttlse. — The  observations  were  made  in  two  positions,  standing 
and  lying,  the  difference  between  the  two  being,  I  think,  a  fair  index 
of  the  condition  of  the  nervous  system.  Tbe  morning  observation 
was  made  immediately  on  waking,  and  before  any  movements  had 
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been  made  which  might  excite  the  heart.  The  standing  observation 
was  made  by  getting  ont  of  bed  as  qnietly  as  possible,  and  standing 
upright  for  two  or  three  minutes,  during  which  I  counted  mj  pulse, 
until  I  found  that  the  quickening  produced  by  the  movement  had  sub- 
sided. I  then  made  the  observation,  often  repeating  it  two  or  three 
times.  At  night  I  remained  standing  for  five  or  six  minutes  before 
counting  the  pulse,  and  on  lying  down  the  same  precaution  was 
observed. 

Bespirattofh — Observations  in  the  two  positions  were  also  made 
morning  and  evening,  the  same  care  being  taken  to  ensure  accuracy. 

I  found  it  was  not  by  any  means  an  easy  matter  to  count  the  respi- 
ration without  affecting  its  rate  by  the  very  act  of  doing  so.  The 
plan  eventually  adopted  was  to  stand  with  my  watch  in  my  left  hand, 
and  my  left  wrist  lightly  pressing  against  the  lower  ribs ;  with  a  little 
practice  I  was  able  in  this  way  to  count  the  respirations  almost 
unconsciously.  The  figures  given  in  the  tables  are  as  a  rule  the 
mean  of  at  least  two  observations. 

Temperature, — This  was  observed  by  means  of  a  pair  of  clinical 
thermometers,  which  had  been  carefuUy  compared,  and  found  to  read 
accurately  together.  The  figures  all  indicate  Fahrenheit  degrees,  and 
are  something  less  than  .one-tenth  of  a  degree  too  high ;  this  being  the 
error  of  the  instruments,  no  readings  were  taken  under  five  minutes, 
and  most  of  them  were  over  ten.  I  previously  lound  by  careful 
experiment  that  three  minutes  would  suffice  for  either  of  the  ther- 
mometers to  attain  the  maximum  temperature. 

The  observations  were  taken  in  the  mouth  and  axilla,  great  care 
being  taken  to  secure  the  proper  position  of  the  instruments ;  any 
doubtful  observations  were  always  repeated.  I  occasionally  also  took 
the  temperature  of  the  rectum.  Besides  the  morning  and  evening 
observations,  I  took  the  temperature  «f  the  mouth  frequently  during 
the  exercise  and  at  other  timei^,  when  for  some  reason  or  another  I 
have  thought  it  desirable  to  do  so.  The  exact  times  at  which  all  these 
observations  were  made,  together  with  notes  on  any  which  seemed  to 
require  explanation,  will  be  found  recorded  in  the  tables. 

The  Body^Weight. — This  was  taken  morning  and  evening  on  an 
Avery's  machine,  weighing  to  ounces.  On  the  days  of  exercise  T 
made  two  additional  observations,  one  just  before  starting,  and  another 
on  returning. 

There  are  several  points 'Connected  with  the  accurate  determination 
of  the  body-weight  which  are  of  very  great  importance  in  all  investi- 
gations of  this  kind,  and  which  may  not  be  out  of  place  here. 

There  is  of  course  no  difficulty  whatever  in  determining  the  body- 
weight  at  any  g^ven  time,  but  I  have  learned  from  long  experience 
that  it  is  not  so  easy  to  make  what  I  may  call  a  '^  fair  "  observation. 
It  will  be  obvious  from  an  inspection  of  the  tables  that  tVv.^  ^^^xSsb^v^xfik 
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of  my  own  body-weipht  were  often  vpry  considerable,  and  tlii'R  is 
eapeoijilly  the  cage  between  the  evening  weig-ht  and  tbnt  of  the  follow- 
ing morning' ;  Turiationa  daring  the  day  maybe  very  lai'jrely  dne  tji 
food  and  drink,  particularly  tbe  latter.  Tliis  loss  of  weight  durinir 
sleep  is  dne  to  two  canseH,  loss  by  the  Rkin  and  Inngit.  and  loss  by  the 
kidneys,  as  I  always  emptied  the  bladder  before  taking  my  weig'ht. 
Making  all  allowance  for  the  nrine,  it  in  clear  that  whilst  sleeping 
I  fifquently  loat  1  fo  IJ  lbs.  in  weight,  and  on  some  oeoasions  even 
more,  by  the  skin  and  lungs  alone.  Daring  the  diiy  I  have  frequently 
observed  even  greater  lose  from  this  canse. 

The  object  of  frequent  and  regular  observations  of  the  body-weiffht 
in  all  i  uvea  ligations  of  this  kind  is  to  determine  whether  or  no  there 
exists  a  relation  between  loss  of  tissao  and  discharge  of  nitrogeu. 
The  weight  of  protetd  which  would  represent  the  greatest  inci^ase  in 
the  nitrogen  discharge  I  have  ever  observed  ia  very  small  compared 
with  the  variation  of  body-weight  from  other  causes,  and  is  very 
liable  to  be  overshadowed  by  them,  if  indeed  we  ought  (o  consider 
onrselves  in  any  degree  capable  of  distinguishing  between  tbe  two. 

There  are  a  number  of  circnmstanoeK  which  aSect  the  body-weight, 
and  which  I  think  it  would  be  well  briefly  to  consider;  They  may  be 
divided  ronghly  into  two  categories,  external  and  internal. 

External  Oonditioni. — The  condition  of  the  atmosphere,  height  of 
the  barometer,  external  temperature,  and  the  natnre  of  one's  occu- 
lt is  a  matter  of  common  observation  that  the  amonnt  of  sensible 
perspiration  varies  very  materially  with  meteorological  conditions, 
and  I  have  good  reason  for  believing  that  not  merely  the  sensible 
perspiration  is  affected,  but  also  indirectly  the  total  loss  through  the 

Speaking  for  myself,  and  I  have  often  heard  the  same  remark  made 
by  others  accnatomed  to  severe  physical  exertiou,  a  low  barometer 
and  the  depressing  conditions  which  so  often  accompany  it  pro- 
foundly influence  the  effect  of  snch  exertion  upon'  the  body.weight ;  I 
can  only  suppose  that  this  is  due  to  the  mental  effect  produceil 
reacting  on  the  vasomotor  systen).  Nor  ia  this  all.  I  think  thar 
there  is  evidence  in  the  results  of  my  experiments,  that  this  effect 
manifests  itself  in  another  way,*  which  nofortnnately  seriously  com- 
plicates the  problem  I  have  set  before  me  for  solution.  This  vaso- 
motor action  affects  the  blood  supply  not  merely  of  the  skio,  but  alsi> 
of  the  internal  oi^ans,  and  especially  tbe  kidneys,  cansing  not  only  a 
great  increase  in  the  quantity  of  urine,  but  also  an.  increase  of 
excretory  activity,  which  has  for  result  an  incontestable  increase  iti 
the  amount  of  nitrogen  in  the  urine.  This  makes  it  exoeedinglv 
important  in  estimating  the  value  of  results  obtained  fo  take  very 
•  E.  Smith :  "  Health  mi  Diwaw."  1873;  p.  157. 
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carefully  into  csonsideration  all  these  conditions  which  directly  or 
indirectly  affect  not  only  the  quantity,  but  the  quality  of  the  urine. 

Internal  Conditions, — These  are  very  yarious,  and  hardly  admit  of 
accurate  scientific  description.  There  is,  however,  a  ])hra8e  the 
meaning  of  which  is  well  known  to  athletes,  viz.,  "  to  feel  fit,"  which 
will  serve  to  illustrate  my  meaning.  I  have  observed  repeatedly  that 
when  I  have  undergone  any  considerable  physical  exertion  for  which 
at  the  outset  I  did  not  feel  this  **  fitness-,'*  or,  to  use  another  phrase, 
when  I  was  "out  of  condition,"  there  waa-  invariably  a  much  greater 
loss  of  weight  than  when  I  was  "  in  good  condition.** 

No  doubt  atmospheric  conditions  have  a  very  powerful,  influence 
for  or  against  this  ** fitness'*  for  exertion,  but  independfently  of  these 
are  mental  and  nervous  states  probably  exceedingly  complicated  iu 
their  origin^  but  none  the  less  powerful  in  the  influence  they  have 
upon  the  metabolic  phenomena  of  the  body. 

The  body-weight  in  these  experiments  was  always  taken  after 
emptying  the  bladder,,  so  that  the  difference  between  the  evening 
weight  and  the  weight  next  morning  expresses  the  total  loss- by  skin 
and  kidneys.  I  attempted  to  eliminate  the  error  caused  by  the  con- 
tents of  the  rectum^  but  very  soon  found>  that  it  was  impossible  to 
regulate  and  control  the  bowels  with  the  same  precision  with  which 
the  urine  can  be  regulated ;  so  that  if  we  wish  very  accurately  to 
determine  the  significance  of  these  differences  of  body- weight,  we 
must  take  careful  note  of  the  times  at  which  the  faaces  were  passed, 
but  for  reasons  which  will  be  stated-  under  the  head  of  the  fsBces  the 
difficulty  is  only  then  very  partially  overcome.  Enough  has  I  think 
been  said  to  show  how  exceedingly  difficult  it  may  be  to  determine 
with  even  moderate  accuracy  the  nature  of  the  loss  or  gain  in  body- 
weight,  and  how  careful  we  should  be  in  accepting  arguments  founded 
on  small  variations. 

Daily  Occupation^  MeaU,  8^c, — The  day  generally  began  about  9  a.m.  ; 
the  variations  from  this  time  will  be  found  in  the  tables  of  tempe- 
rature. Breakfast  followed  as  soon  as  I  could  prepare  it.  I  had  no 
mid-day  meal,  but  was  accustomed  to  take  a  portion  of  the  bread  to 
the  laboratory  at  University  College,  in  which  most  of  my  time  was 
spent.  I  dined  at  or  about  6  p.m.,  and  spent  the  evening  in  reading, 
weighing  and  preparing  food,  Ac.  The  necessities  of  my  work  some- 
times kept  me  up  very  late.  This  was  unavoidable,  as  I  was  not 
able  to  devote  my  whole  time  to  these  experiments.  At  first  I  nsed 
to  bake  my  bread  every  evening  for  the  following  day ;  but  in  the 
later  experiments  1  gave  up  every  alternate  evening  to  this  work,  as 
I  found  I  saved  time  by  the  arrangement.  Supper  was  taken  at 
various  times  after  11  p.m. 

Arrangements  on  Days  of  Exercise. — Under  ordinary  circumstances, 
that  is  to  say,  when  the  walk  ooold  be  easily  aQcom.^U&\M^  V^\k>H^e)«c^ 
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tlie  breakfast  and  dinner  hour,  or  at  the  moat  an  hour  or  so  later, 
the  exercise  did  not  entail  any  miit^rial  alteration  in  the  nri'ang'e. 
menta  already  described  [  but  when  the  diatance  to  be  walked  ex- 
ceeded 30  niik'8,  the  time  rcqairod  for  its  performance  waa  too 
great  to  admit  of  even  approiimate  ailherence  to  the  rnlea  as  tn 
meal-times,  .^c.,  described  in  the  previona  section.  For  instance,  on 
the  oecagion  when  the  distance  to  be  walked  waa  close  npon  50 
miles,  it  was  neoeasary  to  go  some  little  distance  by  train  as  asual,  in 
order  to  get  out  of  LoudoD  before  eummencing  the  march.  This 
involved  getting  up  at  4  A.H.,  breakfasting  before  I  abirted,  and 
walking  to  a  t-ailway  station  to  catch  a  train,  so  that  I  might  be  on 
my  road  by  6  k.ti.  I  did  nut  rctarn  perhaps  until  6  f,u.  or  even 
later,  my  sole  food  during  the  journey  being  one-half  of  my  daily 
allowance  of  bread. 

Before  starting  I  had  the  following  operations  to  perform  ;— Obser- 
vations on  puke,  temperature  and  body-weiglit  naked,  and  body- 
weight  when  fully  equipped  for  the  jonmey,  in  order  that  I  might  bo 
able  to  estimate  the  load  carried.  After  this  I  had  to  prepare  and 
eat  my  breakfast  and  put  on  my  kit  again  before  I  could  start.  On 
rctarning  my  first  duty  was  to  weigh  myself  "all  standing"  and  then 
naked ;  the  differences  between  these  obnervations  and  those  taken 
ill  the  morning  gave  me  the  actual  lass  af  weight  sustained  and  the 
mean  load  carried,  becanse,  as  I  need  hardly  point  out,  the  load 
bixiaght  back  is  somewhat  diSerently  constituted  from  that  taken  out 
in  the  morning,  being  lighter  by  the  weight  of  bread  consumed  and 
heavier  by  the  urine  and  faces  brought  back. 

Having  made  these  observatious  on  my  body-weight,  I  took  my 
pulse,  temperature,  and  respiration,  at  all  events  in  the  standing  posi- 
tion, had  a  cold  bath,  after  which  I  sometimes  made  further  ohser- 
vatiouH  on  pulao  and  temperature,  and  then  prepared  ray  dinner,  of 
which  by  this  time  I  was  generally  greatly  in  need.  On  the  days  of 
exercise  I  always  combined  dinner  and  sapper,  so  that  at  the  latest 
the  last  ingestion  of  food  for  the  day  was  certainly  not  later  thao 
usual,  and  often  an  hour  or  two  earlier. 

During  the  actual  pi-ogress  of  the  walk,  I  frequently  observed  my 
patse,  t«mperature,  respiration,  the  length  of  my  stride,  and  average 

I  have  thought  it  necessary  to  stat«  thua  explicitly  my  manner  of 
proceeding  on  a  day  of  exercise,  becanse  it  may  possibly  be  urged 
that  the  results  I  have  obtained  may  be  thus  accounted  for ;  that  is 
to  say,  it  may  be  urged  that  whereas  an  ordinary  day  was  one  of 
twenty-four  houra,  the  day  of  exercise  was  on  two  occaaions  at  all 
events  longer  by  four  hours,  and  the  day  before  the  exercise  waa 
shortened  by  the  same  amount.  I  am  obliged  to  admit  a  certain 
aiuoaat  of  justice  in  this  objection,  but  I  would  u^e,  on  the  othec 
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hand,  that  I  was  carefnl  always  to  dine  rather  earlier  on  the  day 
before  the  exercise,  and  to  consume  all  my  remaining  bread  at  that 
meal,  leaving  only  a  cup  of  cocor.  to  he  taken  later  to  complete  the 
day's  allowance,  and  this  I  generally  took  between  8  and  9  p.m., 
instead  of  at  11  p.m.  as  on  other  days ;  so  that  I  think  I  may  safely 
say  that  my  food  had  at  least  the  nsnal  time  for  digestion  and  the 
products  to  pass  into  the  urine. 

It  may  possibly  be  asked,  why  I  did  not  adhere  to  my  ordinary 
meal  times  and  arrange  for  the  consumption  of  my  dinner  on  the 
road  ?  1  would  reply,  that  the  object  of  these  experiments  was  to 
determine  the  effect  of  muscular  labour  upon  the  nitrogen  contained 
in  the  body,  and  not  the  disposition  of  material  supplied  to  the 
organism  whilst  in  a  state  of  great  activity.  This  I  consider  to  be  a 
different  problem  from  the  one  actually  before  us,  and  which  will 
require  investigation  by  somewhat  difiEerent  methods  from  those 
which  I  have  adopted  in  these  researches.  True  I  have  found  it 
necessary  to  eat  something  during  the  work,  but  this  was  only  the 
same  as  was  eaten  on  other  days  on  which  no  work  was  done. 

The  Diet. — In  all  experiments  of  this  kind,  the  diet  is  of  prime 
importance.  •  Our  ordinary  food-stuffs  do  not  lend  themselves  readily 
to  analysis,  are  very  variable  in  their  composition,  and  are  in  many 
respects  very  unsuited  to  the  purpose. 

The  conditions  which  the  diet  for  such  researches  must  satisfy  are 
these : — 

(I.)  It  must  be  of  such  a  nature  as  to  resemble  as  nearly  as  pos- 
sible the  ordinary  food  of  the  individual  experimented  upon. 

(2.)  It  must  admit  of  being  accurately  sampled  for  analysis. 

(3.)  It  must  keep  for  such  a  length  of  time  that  one  experiment  at 
least  can  be  made  with  the  same  material. 

The  ordinary  components  of  a  mixed  diet  do  not  satisfy  the  last 
two  conditions  in  any  sense  whatsoever,  and  the  extreme  difficulty  of 
determining  the  ingesta  accurately  led  me,  after  many  trials,  to  use 
special  methods  of  preparing  the  following  articles  for  the  purposes 
of  these  researches  : — 

Bread. 

Meat. 

Green  vegetables. 

Potatoes. 

Milk. 

Fat. 

Apples. 

Cocoa. 

Bread. — In  order  to  secure  perfect  uniformity  in  the  quantity  and 
quality  of  this  article,  I  took  a  sufficiency  of  one  8ami^<a  ol  ^<;vqx  \«^ 
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last  for  Bcverftl  eiperiments,  and  tliia  was  weit^bod  out  into  paper 
b^s  in  quaatitieo  HiiffiL'ient  for  eaeb  day's  cousaaiptioii,  an  allowance 
of  lU  graoiH  an  each  Jay'K  qaantity  being  made  for  loss  in  the 
process  of  making.  This  fi'/iire  waa  arrived  at  by  actual  experiment. 
It  will  be  obvious  that  by  tbis  meibod,  tbe  bread  being  Eilways  made 
in  the  same  way  and  from  precisely  tbe  same  quantities  of  tbe  snme 
ingredients,  analysis  of  the  flour  was  sufficient  to  determine  the  daily 
rjuautity  of  each  constituent,  tbe  weight  of  tbe  bread  itself  being 
quite  immaterial.  I  may  addi  that  it  waa  raised  by  means  of  bicar- 
bonate of  soda  and  tartario  acid,  and  baked  in  tins  to  avoid  possible 
loss  in  the  processi  and  tbat  the  greatest  care  was  taken  to  ensure  the 
consumption  of  tbe  whole  daily  quantity  by  keeping  it  in  paper  bags, 
BO  that  no  crumbs  were  lost. 

In  this  way  I  secnred  absolute  uniformity  as  regards  bread. 

Meat. — Tbe  difficulties  to  be  evejHsome  in  order  that  the  meal  might 
be  made  to  fulfil  tbe  conditions  already  laid  down  were  much  mnrf 
serious  than  ia  the  case  of  bread.  They  wore,  however,  euccesefully 
met  by  my  friend  Mr.  Stephen  Darby,  of  Leadenfaall  Street,  to  whom 
I  would  hero  express  my  great  obligation  for  the  service  he  has  ren- 
dered me  in  this  matt«r.   The  process  of  preparation  is  briefly  this  : — 

A  large  quantity,  80  to  100  ibs.  of  selected  lean  beefsteak,  wss 
carefully  freed  from  nil  obvious  fat,  tendon,  Ac.,  cut  into  pieces  aboni 
tbe  size  of  a  Barcelona  nut,  and  dried  upon  a  steam  floor  for  somi 
time,  then  cut  into  still  smaller  pieces  and  dried  again,  and  tbe  pi-o 
cess  repeated  until  the  material  was  dry  enough  to  be  finely  grounr 
ia  a  mill.  The  resnlting  powder  was  exceedingly  dry,  of  about  thi 
consistency  of  building  sand,  practically  insoluble  in  water  evei 
aft«r  very  prolonged  boiling,  but  readily  attacked  by  very  dilnt< 
hydrochloric  acid  (02  per  cent.),  and  apparently  very  easy  of  diges 

I  found  tbat  the  insolubility  of  the  material  somewhat  interfere< 
wntb  the  palatability  of  tbe  soup  made  from  it  (in  which  form  it  wa 
always  taken  but  by  the  addition  of  vegetaWes  and  seasoning).  Tbii 
difficulty  was  surmounted,  as  was  also  another,  viz.,  that  the  powde 
would  not  remaia  in  suspension  unless  something  were  added  ti 
thicken  the  soup.  It  will  be  obvious  that  this  meat  powder  fulfil 
the  required  condition  almost  perfectly.  It  will  keep  almost  indc 
finil«ly  (I  have  used  some  recently  which  was  made  nearly  four  ycat 
ago).  It  is  of  uniform  composition,  and  can  be  very  readily  analysci 
— one  analysis  therefore  sufficing  for  a  very  large  number  of  expe 
riments. 

Potatoes. — There  is  no  difficulty  as  to  these,  "  Edwards'  paten 
desiccated  potato"  fulfilling  every  condition  perfectly. 

Qreen  Vegetable!. — These  were  for  a  long  time  a  sourco  of  ver; 
ffreat  troable.      At  first  I  used  ordinary  fresh  vegetable,  which  wa 
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very  unsatisfactory.  Nearly  all  the  experiments  recorded  in  this 
paper  have  been  made  with  what  is  known  as  **  dried  jalienne/' 
which,  thongh  in  many  respects  gi*eatly  snperior  to  fresh  vegetable 
for  the  purpose  of  these  inqniries,  in  that  it  is  possible  to  sample  and 
analyse  it,  fairly  is  open  to  the  objection  that  it  requires  prolonged 
soaking  and  careful  cooking,  otherwise  it  is  exceedingly  indigestible. 

Duinng  the  progress  of  the  last  experiment,  Mr.  Darby  prepared 
for  me,  at  my  suggestion,  a  quantity  of  yegetables  of  various  kinds, 
by  thorough  cooking,  draining  away  the  water,  carefully  drying  the 
residue,  and  reducing  it  io  a  very  fine  powder.  The  product  is  supe- 
j'ior  to  .the  dry  julienne  in  manyrrespects.  It  is  already  cooked  ;  it 
possesses  much  more  flavour,  and  being  in  a  fine  powder,  is  very  easily 
digested.  I  intend  to  use  vegetables  so  prepared  in  all  future  expe- 
riments. 

Milk, — This  presented  no  difficulty.  I  was  informed  by  the  makers 
that  a  **  case'*  of  condensed  milk  was  invariably  the  product  of  one 
operation,  and  in  consequence  the  various  tins  in  it  would  contain 
milk  of  similar  composition.  Actual  analysis  showed  this  to  be  the 
case. 

The  milk  was  weighed  in  small  tared  beakers  (50  grams  in  each), 
the  whole  of  the  contents  of  a  tin  being  weighed  out  at  the  same  time, 
iu  order  that  no  change  by  evaporation  might  take  place  in  the  com- 
position of  the  milk.  When  used,  after  scraping  out  as  much  as 
possible  with  a  spoon,  I  boiled  the  beaker  in  the  water  to  be  used  for 
making  the  cocoa,  so  that  nothing  was  lost. 

Cocoa, — 1  used  Van  Hoaten*s  cocoa,  because  a  small  quantity  suf- 
fices, and  when  boiled  with  the  condensed -milk,  diluted  with  water, 
the  *' suspension*'  is  perfect  enough  to -enable  the  whole  to  be  con- 
sumed without  loss.  In  this  respect  it  is  far  superior  for  the  purpose 
to  tea  or  coffee. 

Fruit. — I  found  throughout  these  experiments  that  fruit,  in  some 
form  or  another,  was  almost  a  necessity  and  g^atly  contributed  to 
my  comfort.  I  used  for  this  purpose  **  American  evaporated  apples," 
which  contain  no  waste,  are  easily  cooked,  and  exceedingly  palatable. 

Fats. — Prepared  "  Australian  beef  marrow,**  as  sold  in  the  shops, 
supplied  the  fat  I  required ;  it  contained  no  nitrogen. 

The  other  articles  used,  sugar,  salt,  tartaric  acid,  and  carbonate  of 
soda  (used  for  raising  the  bread),  presented  no  difficulties  what- 
soever. 

Composition  of  the  Viet, 

Flour 410  grams. 

Salt 1 

Tartaric  acid  ....   >of  each.  •         7       „ 
Carbonate  of  soda  j 
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Condensed  milk 100  grams. 


Fat. 


1(jO 


Meat  powder (JO  ,, 

Preser^-ed  potatoes 60  „ 

Di-ied  julienne 20  „ 

Salt  (for  Boup  and  potatoes).  10  „ 

Cocoa 10  „ 

Preserved  apples ,20  „ 

Sugar  (powdered  loaf)   15  „ 

The  diHtribation  of  the  above  articles  into  meaU  was  as 

Cocoa - 5  grams. 

Condensed  milk 50       „ 

Fat 50       „ 

Bread,  alwut  J  of  the  whole  amount. 


Bread,  about  \  of  the  whole  amount. 

Meat  powder   (50  grams. 

Julienne   20  „ 

Potatoes   60  „ 

Apples  I    20  „ 

Sugar  J    15.  „ 

Salt 5  „ 

Fat,  about 25  „ 

Bread,  about  \  of  the  wb»le  amount. 


Cocoa 5  grams. 

Condensed  milk 50       „ 

Bread  and  fat The  remaindci 


Percentage  Composition  of  Nitrogenous  Food-staffs  used  in 
Experiments,  18S2. 

Food-.tuff. 

si.„g„. 

F,0„ 

H^SO.. 

N«CI. 

AbIi. 

Flour 

1-700 

13-552 

1-725 

0  961 
3-1G2 

0-340 

0-706 
0-811 
0-492 
3  122 

0-lRO 

0-rao 

0-035 
0-445 

0-210 

0-250 
0-4,-l!» 
0-2S!> 
0-511 
OOJS 

0-672 

Comi.-ii>ed  milk    

2110 
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Composition  of  Daily  Ingesta. 


Food-BtufF. 

Quantity. 

Nitrogen. 

PA. 

H^O^. 

NaCl. 

Flour 

grams. 

400 
60 

100 
20 
60 
10 

•  • 

6-800 
8  131 
1-474 
0-345 
0-576 
0-316 

1-361 
1185 
0-706 
0162 
0-295 
0-212 

0067 
0-037 
0-855 
0  089 
0-126 
•  • 

0  155 
0-439 
0057 
0-306 
0005 

Dried  moat 

Condensed  milk  , 

Julienne    ••.•••• 

Potato 

Cocoa r. ...••••• 

Totals 

17-643 

3-872 

0-675 

0-965 

Preparation  of  Foods, -^My  method  of  prepsrin^  the  soup,  the  chief 
nitrogenous  food  of  the  day,  was  as  follows : — 20  grams  of  julienne 
were  weighed  out  the  night  before,  and  set  aside  in  a  dish,  and  covei*ed 
with  about  250  c.c.  of  water  to  soak.  By  6  p.m.  on  the  following  day 
it  was  sufficiently  soaked  to  be  ready  for  cooking,  and  was  then 
poured  into  a  saucepan,  care  being  taken  that  none  either  of  the 
vegetable  or  water  was  lost.  To  this  was  added  salt  and  dried  meat 
(60  grams),  and  the  whole  boiled  for  twenty  minutes  or  half-an-hour, 
and  kept  constantly  stirred,  so  that  nothing  should  adhere  to  the 
sides  of  the  saucepan,  get  burned,  and  so  be  lost.  When  suffi- 
ciently cooked  it  was  poured  into  the  basin  from  which  it  was  to  be 
eaten,  and  the  saucepan  carefully  cleaned  with  a  little  boiHng  watet*, 
which  was  then  added  to  the  soup.  By  these  precautions  I  found  no 
difficulty  in  securing  the  consumption  of  the  whole  of  the  material. 

The  potatoes  were  eooked  according  to  the  directions  given  by  the 
makers,  a  small  portion  of  fat  being  added.  I  found  that  when 
])roperly  cooked  there  was  not  the  slightest  difficulty  in  removing 
them  from  the  saucepan  completely.       ^ 

The  apples  were  stewed  in  the  dish  with  the  water  in  which  they 
were  soaked,  together  with  the  15  grams  of  sugar,  and  from  this  dish 
they  were  eaten,  so  that  nothing  was  lost. 

Remarks  on  some  Considerations  involved  in  the  above  Diet 

My  diet  during  these  experiments  was  compared  with  my  ordinary 
food,  a  very  concentrated  one,  and  on  this  ground  alone  it  has  been 
suggested  to  me  that  it  was  very  objectionable,  and  could  not  nourish 
me  in  the  same  way  as  my  ordinary  food.  To  this  1  can  only  reply 
that  during  the  whole  course  of  these  experiments  I  enjoyed 
exceedingly  good  health,  and  provided  I  was  careful  abont  my  diet 
for  a  few  days  after  the  conclusion  of  an  experiment,  I  experienced 
no  ill  effects  whatsoever ;  on  the  contrary  I  have  found  on  several 
occasions  that  my  general  health  was  decidedly  benefited  by  ado^tvx^^ 


the  diet,  not  for  experimental  bat  entii^ly  personal  reaaonn,  and 
have  often  dune  so.  All  that  has  been  done  , to  any  of  tlie  article 
whicli  comprise  my  diet  table  is  to  remove  the  gront  bn!k  of  tlie  water 
aod  that  in  snuh  a  way  aa  to  produce  no  alteration  in  the  food-stnQ 
except  in  form.  I  tliink  the  fig'urea  prove  beyond  a  doubt  that  thi 
food  was  exceedingly  well  digested.  The  only  fault  1  have  to  fiu( 
with  it  is  tb&t  there  is  so  little  indige>!tible  material  in  it,  that  it  fi-e 
qnently  caused  iilight  constipation  and  irregularity  of  the  bowels 
which  somewhat  interfered  with  the  exaotneaa  of  the  espoHment 
The  sensations  experienced  after  a  maal  of  dried  meat  and  vegetables 
Hre,  I  think,  worth  recording. 

Immediately  after  the  meal  there  was  a  sense  of  satisfaction ;  thii 
was  replaced  in  about  an  hour  by  a  sense  of  hunger,  sometimes  verj 
marked ;  and  this  gradually  diBappeured  and  gave  place  to  the  con- 
sciouRnesa  that  an  amply  sufficient  meal  had  been  taken. 

The  Fluid  Food. — Nothing  in  my  experience  is  so  difficult  to  regu- 
late as  the  supply  of  fluids.!*)  the  body  during  experiments  of  thif 
kind.  Variations  of  external  tempei-ature,  and  a  naniber  of  minoi 
circumstances  over  whieh  we  have  little  or  no  control,  lead  to  the  con- 
surii|>t!on  of  drinks  of  viirioiis  kinds  ut  irregular  times,  wlii.rh  m 
doubt  have  a  very  considerable  eSect  upon  the  constitution  of  the 
urine,  if  not  upon  the  general  metabolism  of  the  body.  No  doubt  th( 
strict  regulation  of  the  fluids  consumed  would  tend  in  some  degree  U 
increase  the  accuracy  of  the  experiment,  but  it  would  at  the  same  time 
cause  an  amount  of  discomfort  to  the  individual  experimented  upon, 
which  would  in  many  cases,  I  think,  counterbalance  the  supposed  gain 
in  accuracy. 

Without  any  special  effort  on  my  part,  I  thiuk  I  may  say  that  my 
fluid  ingesta  regulated  themselves.  The  water  used  for  making  the 
cocoa  or  the  soup  was  practically  a  constant  determined  by  the  size  ol 
the  cooking  vessels  used.  Besides  the  fluid  thus  taken,  I  think  I  shall 
be  near  the  truth  if  I  say  tliat  on  ordinary  days  a  pint  of  water  was 
drunk.  (No  alcohol  was  taken  in  any  form  during  these  experiments, 
and  though  I  habitually  take  very  little,  it  was  my  custom  to  abstain 
entirely  for  several  days  before  commencing  an  experiment.) 

On  the  days  of  exercise  there  was  nndoubtedly  an  increase  in  the 
fluids  ingested,  for  I  allowed  myself  three  pints  of  soda-wat^r  during 
the  day,  and  on  more  than  one  occasion  I  have  suflered  considerable 
distress  from  the  apparent  insufficiency  of  tliis  allowance. 

It  is  an  accepted  fact  that  under  ordinary  c  i  rooms  tan  ces  the  inges- 
tion of  large  quantities  of  fluid  causes  an  increase  in  the  nitrogen 
eliminated  by  the  urine,  and  possibly  some  of  the  increase  which  I 
havo  observed  on  days  of  exercise  may  be  due  to  this  cause  ;  but  con- 
sidering the  vast  increase  in  the  loss  by  the  skin  under  such  circum- 
staaceB,  1  am  inclined  to  regard  the  eflect  to  be  attributed  to  this 
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cause  as  comparatively  insignificant,  and  to  consider  the  extra  flnid  so 
1  aken  as  only  serving  to  maintain  the  normal  balance  of  fluids  in  the 
body. 

Method  of  Collecting  the  Excreta, 

My  unit  of  time,  as  before  stated,  was  a  period  of  twenty-four  hours, 
commencing  immediately  before  breakfast  each  day  ;  the  urine  passed 
in  this  period  was  therefore  collected  and  mixed.  For  the  collection 
of  the  urine  I  used  a  pair  of  40-oz.  wide-mouthed  stoppered  bottles, 
>\hich  for  convenience  of  carriage,  and  in  order  that  I  might  have 
them  always  with  me,  were  placed  in  a  basket  having  a  partition,  and 
the  lid  of  which  was  secured  by  a  padlock,  to  prevent  interference 
with  the  contents  by  other  than  myself  or  my  assistant. 

For  the  collection  of  the  fsBces  I  used  flat-bottomed  Bohemian  glass 
basins,  about  2  inches  deep,  and  6  inches  in  diameter,  with  flat  plates 
of  glass  for  covers.  These  fitted  into  wooden  boxes  sufficiently  stout 
to  protect  the  contents  from  breakage  in  travelling,  the  lids  being 
made  to  fit  very  closely,  and  secured  almost  hermetically  by  means  of 
four  thumbscrews.  The  dishes  and  covers  were  all  weighed  most 
(*arefully,  and  the  weight  scratched  upon  them  with  a  diamond,  and 
the  cases  were  made  to  fit  so  tightly  that  they  might  be  carried  in 
any  position  without  risk  of  losing  the  contents  ;  these  were  used  for 
carrying  the  fsBces  from  my  own  rooms  to  the  laboratory,  and  also 
when  on  the  march. 

Mode  cf  Collecting  during  Exercise. 

As  the  exercise  consisted  of  long  pedestrian  expeditions  into  the 
country,  I  was  obliged  to  adopt  some  means  of  carrying  my  receptacles 
with  me.  The  plan  first  nsed  was  to  pack  the  urine  bottles  in  felt 
jackets,  to  prevent  breakage  in  an  ordinary  tonrist's  knapsack,  the 
stoppers  being  carefully  greased,  and  tied  in,  the  fadces  box  I  strapped 
to  a  belt  at  my  waist.  But  this  arrangement  I  very  soon  found  to  be 
})oth  unsafe  and  very  uncomfortable,  and  I  substituted  an  ordinary 
Tiiilitary  valise,  in  which  I  carried  the  bottles  inclosed  in  thick  felt 
jackets  as  before.  The  faeces  box  being  strapped  in  the  place  in  which 
the  soldier  would  carry  his  canteen,  a  haversack  for  my  bread,  and  a 
pair  of  thermometers  carried  in  separate  special  pockets,  so  as  to  be 
accessible  at  once,  completed  my  equipment. 

I  may  remark  in  passing  that  the  question  of  a  comfortable  knap- 
sack is  a  very  important  one,  as  anything  which  causes  discomfort 
may  very  seriously  increase  the  internal,  if  not  the  external  work  of 
the  body.  I  have  tried  almost  every  form  of  knapsack,  and  have 
found  the  modem  military  valise  far  superior  to  any  other  form.  The 
position  of  the  load  is  such  that  the  strain  is  equally  distributed,  and 
there  is  no  galling  or  sense  of  local  weariness  on  taking  it  off  after  a 
long  day's  march,  and  above  all  it  leaves  the  respiration  ^Tit^o.^ 
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free,  a  qnality  possessed  hy  no  shoulder  knapsack  with  which  I  ai 
tu^qiiainted. 

The  nrine  and  ffflces  of  the  previous  day  were  carried  to  the  lab' 
nitory  every  moroing^  by  myself,  and  were  analysed  after  the  follov 
ing  methods. 

Methods  of  AnalysU  of  Urine  and  Faeet. 

The  urine  was  passed  directly  into  the  wide-monthed  bottles  al read 
described,  and  after  tho  specific  gravity  had  been  taken,  was  ponre 
into  a  large  measuring  cylinder,  and  the  amount  noted.  Distille 
wat«F  was  then  added,  in  order  to  bring  the  quantity  to  a  ronn 
number  of  cubic  centimeters,  e.g.,  if  the  original  quantity  was  1320  c.c 
water  would  be  added  to  mnke  it  np  to  1400  c.c.  After  the  whol 
had  been  thoroughly  mixed,  the  analysis  was  proceeded  with. 

This  plan  was  adopted  to  avoid  the  risk  of  arithmetical  errors  i 
the  subsequent  calculation  of  the  results  of  tlie  analyses, 

Nitrogett. — This  was  estimated  by  combnstion  with  soda-lirae,  afte 
the  Mnnich  method.  10  c.c.  of  urine  were  taken  and  evaporate 
with  a  small  quantity  of  well-burned  Calais  sand  and  a  trace  of  oxali 
acid,  over  a  water-bath  at  tho  boiling  temperature,  in  exceeding! 
thin  hemispherical  glass  dishes.  When  thoroughly  dry  the  dish  aU' 
its  contents  were  pulverised  in  a  mortar — all  precautions  being  take 
to  prevent  loss — mixed  with  soda-lime,  and  the  analysis  proceeded  wit. 
in  the  usual  way.  The  estimations  were  mode  by  titration  wit 
cochineal  as  indicator. 

Instead  of  glass  tubes  I  have  used  wronght-iron  ones,  careful! 
tested  under  hydraulic  pressure  up  to  300  lbs.  on  the  inch. 

Objection  has  been  made  to  the  use  of  iron  tubes,  on  the  grouU' 
that  when  hot  there  is  a  danger  of  their  looking,  and  that  the  cork 
bare.  I  have  found  these  difSculties  to  be  more  imaginary  than  rea 
and  with  a  little  practice  and  the  use  of  ordinary  care  I  have  obtaine 
the  mosteicellent  results.  Becently  I  have  mode  a  nnm.ber  of  ezperi 
ments,  in  which  the  urine,  instead  of  being  evaporated  with  oxali 
acid  as  above  described,  was  inti-oduced  directly  by  means  of  a  pipett 
into  a  tube  already  charged  with  2  or  3  inches  of  soda-lime,  and  i 
small  quantity  of  cane-sugar  at  the  end.  This  latter  method  ulti 
tnately  proved  equally  satisfactory  with  the  former,  but  it  require 
great  coutJon  and  careful  watching  during  the  process  of  heating,  t< 
prevent  the  sudden  development  of  steam  in  quantity  sufGcient  to  blot 
the  acid  out  of  the  bulbs  ;  but  this  accident  con  be  avoided  withon 
very  great  difficulty.  I  have  found  it  desirable,  particularly  whei 
the  latter  method  is  used,  t43  employ  bulbs  considerably  larger  thai 
those  generally  sold  for  the  purpose,  aud  to  hove  a  small  odditione 
bulb  blown,  from  which  the  point  takes  its  origin.  This  ia  a  grea 
Bafega&rd  against  the  effects  of  possible  splashing. 
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Chlorides, — None  of  the  special  methods  in  use  for  the  estimation  of 
<*hlorides  in  urine  are  satisfactory.  Direct  titration  with  silver,  wiUi 
potassic  chromate  as  indicator,  is  practically  worthless,  and  the  time 
i*eqnired  and  the  risks  inyolved  in  the  method  of  estimation  in  the 
ash  render  it  impracticable  when  time  is  of  any  consequence.  I  have 
therefore  adopted  the  simpler  plan  of  dilating  the  arine  with  5  or 
6  Yolumes  of  water,  and  precipitating  with  argentic  nitrate  in  the 
presence  of  a  minimam  of  nitric  acid,  and  washing  and  weighing  the 
chloride  formed.  The  results  when  the  operation  is  carefully  con- 
ducted are  most  satisfactory. 

Sulphates. — These  were  estimated  gravimetrically  in  the  usual  way 
by  precipitation  from  the  boiling  urine  with  barium  chloride  and  a 
minimum  of  hydrochloric  acid. 

Phosphates, — The  ordinary  uranium  process  was  used,  and  I  need 
only  remark  of  it,  the  absolute  necessity  which  exists  for  the  use  of 
])erfectly  fresh  ferrocyanide  solution.  In  order  to  secure  this  I  find  it 
l)e8t  to  keep  a  quantity  of  the  finely  powdered  crystals,  and  dissolve 
them  as  required  on  the  testing  tile. 

I  have  made  no  attempt  to  estimate  any  of  the  individual  nitro- 
genous bodies  in  the  urine,  but  have  confined  myself  strictly  to  the 
consideration  of  the  total  nitrogen,  and  the  variations  which  it  under- 
goes under  various  circumstances,  without  complicating  the  problem 
by  attempting  to  discriminate  between  the  various  bodies  which  go  to 
make  up  the  total  which,  as  a  matter  of  fact,  our  present  methods  will 
not  allow  us  to  do  with  enough  accuracy  to  make  the  investigation 
worth  the  immense  amount  of  additional  labour  which  it  would 
involve. 

Methods  Used  in  the  Analysis  of  Fesces, 

The  collecting  apparatus  has  been  already  described,  and  I  need 
only  now  say  of  it  that  it  was  thoroughly  satisfactory  in  every 
respect. 

On  arrival  at  the  laboratory  the  cases  are  opened,  the  glass  dish 
and  cover  removed,  and  together  with  their  contents  carefully  weighed, 
the  difference  between  the  total  weight  and  the  weights  marked  on 
the  dish  and  cover  giving  the  weight  of  the  fasces.  The  cover  was 
then  removed,  and  a  sufficiency  of  methylated  spirit  poured  upon  them 
to  cover  them.  This  completely  destroyed  all  objectionable  smell, 
and  rendered  the  material  safe  from  decomposition. 

I  did  not  estimate  the  nitrogen  in  each  day's  fsdces,  but  divided  an 
experiment  into  three  periods :  the  period  before  the  work,  the  period 
of  the  work,  and  the  period  after  the  work.  Each  sample  as  passed 
was  placed  with  the  alcohol  in  a  large  porcelain  dish  over  the  water- 
bath,  and  after  being  well  broken  up  with  a  glass  paddle,  was  rapidly 
dried,  and  the  residue  by  constant  stirring  reduced  to  a  dry  granuJL^i! 
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mass,  wliich  was  occasionally  removed  rory  carefully  to  a  mortar  and, 
liroken  up,  in  order  to  hasten  tliB  process.  Tiie  products  were  ee 
rated  into  three  lots,  as  above  stated,  and  stored  in  a  well  stoppered 
bottle  till  the  analysis  could  be  made.  The  total  amount  of  dry 
matter  yielded  by  the  ftccos  was  determined,  and  the  calculation  of 
the  analyses  made  from  tbis. 

The  nitrogen  was  eslimat-ed  by  the  soda -Ume  process,  the  material 
being  reduced  Ui  an  exceedingly  Gne  powder,  and  burned  in  an  iron 
tube  3  inches  longer  than  those  oaed  for  the  urine,  in  order  to  secare' 
the  complete  decomposition  of  any  undigested  albuminoids  which 
m.ight  be  present. 

Phofphalet  were  estimated  after  parlial  incineration  iu  a  platinum 
capsule  by  the  magnesia  method,  and  weighed  as  pyropho-spliato. 

Chhridea. — The  precipitate  yielded  on  addition  of  a  few  drops  of  ' 
argentic  nitrate  to  a  watery  extract  of  the  dry  material  rarely  I 
amounted  to  more  than  a  perceptible  cloudiness,  and  coiiseqneutly  no  i 
figures  appear  in  the  analyses.  I 

Swlpltale*. — The  same  is  siill  more  true  of  the  precipitate  yielded  by  I 
the  addition  of  barium  nitrate  and  hydrochloric  acid  to  the  sante  I 
solution.  It  was  oft^u  an  open  question  whether  there  was  any  pre- 
cipitate at  all,  so  small  was  the  quantity  of  soluble  sulphate  present. 
This  led  me  to  consider  in  what  form  the  sulphur  might  exist,  and  in 
the  light  of  Lepine's  experiments  on  the  sulphur  in  the  urine,  I  was 
led  to  try  the  cSect  of  powerful  oxidising  agents  od  the  sulphur 
compounds  which  might  bo  present,  and  I  very  soon  found  that 
nothing  short  of  combustion  in  a  stream  of  oxygen  would  completely 
decompose  them.  The  consequence  of  this  was  that  after  a  series  of 
experiments  I  found  myself  unable  to  devise  a  method  by  wliith  the 
combustion  could  be  accurately  carried  oat,  and  at  the  same  time  with 
sufficient  rapidity  to  enable  the  work  to  be  completed  in  the  time  at 
my  disposal.  I  regret  exceedingly  that  tliiK  should  have  been  the  case, 
as  the  results  of  complete  determination  of  the  sulphur,  both  in  the 
urine  and  fiecea,  would  have  been  most  interesting.  i 

Ash. — In  the  process  of  incinerating  the  I'teces  for  the  estimation  of 
the  phosphates,  the  ash  was  always  roughly  estimated,  and  so  regu- 
larly did  the  phosphates  vary  with  the  amount  of  ash,  that  as  soon  as    i 
this  was  known  I  was  able  to  make  a  very  fair  estimate  of  the  quantity    I 
pifsent.  I 

When  I  began  these  researches  I  had  the  intcDtion  of  determining  I 
accurately  the  composition  of  each  day's  fceces,  bat  it  soon  became 
obvious  that  the  results  could  be  of  but  little  value,  and  might  ' 
possibly  be  very  misleading,  from  the  extreme  difficulty  of  deciding  j 
how  far  those  passed  on  a  given  day  belong  to  the  day  before,  or 
contain  something  which  should  be  credited  to  an  earlier  day,  or  even  | 
to  the  very  day  on  which  they  were  passed.     I  have  attempted  by  d 
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various  artificial  means  to  distinguish  one  daj  from  another  by  eating 
Rome  thing  indigestible,  and  attempting  to  nse  the  position  of  this 
body  as  a  line  of  demarcation  between  one  day  and  the  next,  bat  all 
attempts  have  hitherto  proved  futile. 

This  difficulty  presents  itself  with  the  greatest  force  at  the  begin- 
ning of  an  experiment,  because  from  the  concentrated  nature  of  my 
diet,  it  is  liable  and  as  a  matter  of  fact  almost  always  at  first  induces 
slight  constipation. 

Now  that  I  adopt  the  plan  of  fasting  from  twenty-four  to  thirty-six 
hours  before  commencing  an  experiment,  this  difficulty  is  diminished ; 
nevertheless  in  one  or  two  cases  I  have  fouud  that  having  taken  a  large 
quantity  of  milk  on  the  day  before  starvation,  in  order  that  by  the  colour 
of  the  dejecta  I  might  have  some  guide  to  their  distribution  and  origin, 
that  the  first  fasces  passed  after  the  fast,  sometimes  not  till  the  second 
day  of  the  experiment,  would  contain  traces  of  this  milk,  although  the 
bowels  had  been  freely  moved  in  the  twenty-four  hours  after  it  was 
taken.  I  fear  we  must  admit  the  impossibility  of  completely  empty- 
ing the  intestines  each  day,  and  be  content  with  results  obtained  as 
they  are  throughout  these  experiments  by  the  method  of  averages. 
Even  when  the  bowels  are  moved  regularly  every  day  at  the  same 
hour,  the  amount  of  dry  material  is  by  no  means  constant,  and  even 
when  it  happens  to  be  the  same,  the  amount  of  nitrogen  contained  in 
each  day's  qnantity  may  be  very  different. 

Microscopic  examination  showed  that  digestion  of  my  experimental 
diet  was  very  complete,  the  undigested  matter  consisting  almost 
entirely  of  fragments  of  vegetable  fibre,  and  a  few  starch  granules 
(generally  barst).  Repeated  examinations  of  a  wateiy  extract,  pre- 
pared by  boiling  the  dry  material,  failed  to  show  the  presence  of 
either  starch  or  sugar  in  any  appreciable  quantity.  On  one  occasion 
on  which  I  suffered  slightly  froni  diarrhoea,  the  extract  of  the  ash 
contained  an  almost  weighable  amount  of  chlorides,  and  the  amount 
of  sulphates  rose  to  what  might  be  called  "  strong  traces." 

The  whole  of  the  analyses  of  food  and  excreta  were  done  at  least 
twice,  and  whenever  a  very  discordant  result  was  obtained,  a  third 
analysis  was  always  made ;  the  figures  given  in  the  tables  are  therefore 
invariably  the  mean  of  at  least  two  results,  closely  agreeing. 

Methods  used  in  the  Analysis  of  Foods, 

Nitrogen. — The  soda-lime  process  was  used  in  all  cases,  every  care 
being  taken  to  ensure  complete  combustion,  by  very  slow  burning 
and  the  use  of  extra  long  tubes.  The  great  concordance  of  the  results 
is,  I  think,  a  satisfactory  answer  to  most  of  the  objections  which  can 
be  urged  against  the  method.     The  following  are  examples : — 
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Sample  of  fioar     i     . 

Dried  meat i 

Dried  meat i 

Floor I    J 

Potato I   ^ 

Milk 


1    1 

Phjfphatet  were  alwaja  estioiated  in  the  ash  sa  magnesie  pyro- 
|>bospbat«.  ' 

Sulphalet  were  determined  in  the  ash  in  the  nanal  way.  The  deter-  I 
minatiooB  hare  little  bearing  on  the  results  uf  the  experimenta, 
except  in  bo  far  as  tbej  show  that  the  sttlphorio  acid  in  the  lu'ino  han  . 
itn  origin  chiefly  from  Hulphui'  taken  into  the  body  in  some  other 
form.  The  determinatioQ  of  the  total  Biilphur  in  the  food  would  have 
been  of  little  ose  unless  the  total  sulphur  of  the  excreta  bad  been 
determined  also,  and,  as  before  stated,  this  was  found  to  be  qait« 
impossible. 

The  Work. — Perhaps  of  all  the  considerations  involved  in  researches 
of  this  kind,  the  nature  of  the  work  done  presents  the  greatest  diffi- 
culties. We  are  obliged  to  choose  between  certain  ordinary  forms  of 
exercise  and  the  use  of  machines  for  the  purpose.  Each  has  its 
advantages  and  disadvantages,  and  in  all  it  is  well  nigh  impossible 
ti)  determine  with  any  reasonable  approach  to  accuracy  the  total 
amount  of  work  done.  The  external  work  does  admit  of  calcalatton 
within  limits,  bat  our  information  with  regard  to  the  internal  work 
of  the  body  is  scanty  and  unreliable  in  the  extreme,  and  in  the  present 
stato  of  onr  knowledge  all  that  can  be  done  is  to  eliminate  the  diffi- 
calty  by  making  the  internal  work,  as  far  as  possible,  a  constant.  It 
is  manifestly  unfair  to  compare  walking  with  the  lifting  of  heavy 
weights  or  either  with  rowing  or  bicyling ;  in  none  of  these  forms  of 
labour  are  the  same  muscles  used,  and  it  is  not  only  possible,  but 
very  probable,  that  different  individuals  use  their  muscles  differently 
in  each  case ;  nay,  more,  that  the  same  individaal,  unless  he  is  con- 
stantly practising,  does  not  use  exactly  the  same  muscles  on  different 
occasions.  Walking  exercise  is,  perhaps,  the  least  objectionable  of 
all,  and  probably  for  this  reason  it  has  fonnd  most  favour  with  inves- 
tigators of  this  problem,  and  for  this  reason  I  have  adopted  it  in  these 
experiments. 
It  might  appear  that  the  aamc  distance  w:ilked  over  the  same  roads. 
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in  the  same  time,  and  nnder  as  far  as  possible  similar  conditions, 
would  represent  equal  amounts  of  work  done,  but  a  very  little  expe- 
rience will  suffice  to  show  that  such  is  not  the  case,  and  the  results  of 
my  own  experiments  wiU,  I  think,  bear  out  this  opinion.  Although 
accustomed  from  childhood  to  this  particular  form  of  exercise,  and 
though  the  actual  distances  walked  in  these  experiments  was  almost 
always  well  within  my  powers,  I  can  say  with  truth  that,  measured 
by  my  own  sensations,  I  have  never  before  so  fully  appreciated  the 
effect  of  what  is  called  ^'  training."  For  this  reason,  I  have  confined 
myself  strictly  to  the  consideration  of  gross  results.  When  the  dis- 
tances were  short,  the  effect  prod  (iced  was  exceedingly  variable,  and 
in  the  final  experiments  of  1879  and  1882,  when  the  labour  was  tole- 
I'ably  exhausting,  all  that  we  can  say  is,  that  the  effect  on  the  dis- 
charge of  nitrogen  is  beyond  all  doi^bt ;  but  that  it  bears  no  sort  of 
relation  to  the  work  done  in  previous  experiments. 

In  each  succeeding  walk  the  average  pace  per  hour  increased  very 
perceptibly,  and  yet  I  am  confident  that  this  increase  of  pace  did  not 
by  any  means  involve  a  proportional  increase  of  internal  work ;  in 
short,  I  gradually  '*  got  into  training."  I  must  confess  that  I  see  no 
escape  from  this  difficulty;  it  might  possibly  be  eliminated  by  con- 
tinuing the  investigations  over  a  very  long  period  of  time  and  taking 
daily  a  very  large  amount  of  exercise,  until  as  it  were  the  bodily 
machinery  had  learned  to  work  uniformly,  and  then  suddenly  in- 
creasing it  very  considerably.  In  my  own  case,  a  daily  walk  of  30 
miles,  increased  to  50  every  tenth  day,  would  express  my  meaning ; 
and  even  if  this  were  kept  up  for  two  months  or  more,  I  should  expect 
the  effect  of  the  longer  marches  to  become  less  and  less  marked. 
Tfio  gist  of  the  whole  matter  is,  that  we  have  to  deal  with  a  machine 
which  has  a  most  marvellous  power  of  fbccommodating  itself  to  the 
work  put  upon  it,  and  this  introduces  a  factor  into  the  investigations 
of  which  we  are  at  present  wholly  ignorant ;  indeed,  the  problem  is 
thereby  rendered  so  complicated,  that  the  hope  of  finding  any  expla- 
nation of  the  phenomena  observed  is  somewhat  distant.  As  regards 
this  particular  form  of  exercise,  assuming  that  it  is  done  under  the 
most  favourable  conditions,  the  following  points  must  be  considered 
in  interpreting  the  results  : — 

(1.)  The  individual  who  is  the  subject  of  experiment. 

(2.)  The  distance  walked. 

(3.)  The  pace. 

(4.)  The  load  carried. 

(5.)  The  external  conditions,  such  as  temperature,  &o. 
Each-  must   be   carefully  worked    out  in   turn,   and   a    very   large 
number  of  experiments  made  before  we  shall  be  justified  in  arguing 
from  the  results  obtained  in  one  case  to  those  of  another. 

Nor  is  this  all.     Some  men  are,  so  to  speak,  much  more  ecoaQmioAA. 
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maahinea  thnn  others,  i.e.,  dilTerencea  of  weight  and  all  elee  bciu;: 
taken  into  consideration.  One  man  will  do  a  given  amouQt  of  work 
npon  a  given  diet,  which  to  another  would  be  simply  irapossible.  I 
have  haJ  ample  opportunity  for  observing  this  in  the  training  of 
boals*  crews  in  Cambridge,  and  I  waa  particnlarly  stmck  bj  the  com- 
pleto  absence  of  any  relation  between  body-woight  and  the  amount  of 
Bolid  food  consumed  when  no  restnctions  were  placed  upon  the  diet 
as  regards  quttatity. 

I  hope  in  future  eiperimitntH  to  be  able  to  reduce  the  errors  intro- 
dnced  by  the  work  irery  considerably  by  the  use  of  a  work  machine 
80  contrived  that  the  external  work  done  can  bo  measured  fairly 
accurately,  and  the  internal  work  to  some  extent  regulated.  Absolute 
resultB  cannot,  I  think,  be  hoped  for,  bat  much  may  be  done  in  the 
way  of  rendering  one  experiment  comparable  with  anollier,  which  at 
present  can  hardly  be  said  to  be  the  case. 

I  Inti-oduce  Lore  a  series  of  experiments  made  in  1879,  which, 
though  not  made  with  such  accuracy  of  method  sa  the  later  eeries  of 
.  18i^2  and  18d3,  tend  very  materially  ta  ooulirm  the  resalta  then 
'  obtained. 

Experj-mentg  of  1879, 

The  nitrogen  of  the  feecea  in  these  eipetimenta  was  eatimaAed  by 

mixing    the  whole   quantity   passed  during   each    ex|>eriment,    and 

making   one  analysis   in   each   case.       The    total   quantity   was    as 

follows  : — 

Experiment     I 18  '093  grams. 

II  10  083       „ 

III  15-29i       „ 

IV  16-872      „ 


Diet  during  the  Eiperiments 


Food.6tuff. 

Daily  quantitj. 

Ni.,o^.. 

60 
00 
100 
300 
3tiO 
100 
12 

9 
0 
6 

1 

0 
0 

4H5 
4H4 
Hi3 
330 
990 
000 
000 
■MJO 

Freah  potBtoM 

Van  Houten'e  cocoa 

1-122 

18 

.157 
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The  oatmeal  was  made  into  thin  cakes,  the  rice  cooked  in  JDst  so 
much  water  as  it  would  absorb,  and  eaten  with  the  apples.  The 
potatoes  were  baked  in  the  usaal  manner.  The  sugar  and  salt  used 
in  these  experiments  were  not  weighed,  but  taken  to  taste. 

The  nitrogen  in  the  oatmeal,  meat,  rice;  milk,  and  cocoa  was  deter- 
mined  by  the  soda-lime  method ;  the  nitrogen  of  the  potatoes  was 
calculated  from  Payea's  tables ;  they  were  all  grown  on  one  patch  of 
ground  on  the  Rothamsted  farm,  and  were  presented  to  me  by 
Mr.  Lawes  for  the  purposes  of  these  experiments.  Their  composition 
was  probably  fairly  uniform. 

Nothing  excepting  the  nitrogen  was  estimated  in  the  food-stufFs, 
and  consequently  no  comparison  can  be  instituted  between  the 
ingesta  and  egesta  except  with  regard  to  the  nitrogen. 

The  nitrogen  of  the  urine  was  estimated  by  Liebig*s  process ;  the 
chlorides  by  direct  titration  with  argentic  nitrate,  with  potassium 
chromate  as  indicator ;  the  phosphates  by  the  uranium  process,  and 
the  sulphates  by  precipitation^  with  barium  nitrate.- 


Composition  of  Urine,  Experiment  T,  1879.     Morrch  5  to  March  13. 


T)ii.4->« 

Quantity. 

Specific 

Chlorides 

Phosphates 

Sulphates 

Nitrogen. 

X/nl/C. 

gravity. 

asNaCl. 

as  PaOj. 

M  H3SO4. 

Liebig. 

March  5. . 

c.c. 
895 

1035 

13-97 

2-43 

2-78 

13-80 

„       6.. 

1173 

1036 

12-45 

403 

2-69 

18-26 

„       7.. 

1266 

1031 

11-46 

2-91 

2*32 

17-39 

„      8.. 

1433 

1024 

8-95 

2-52 

•2-92 

16-50 

„       9.. 

925 

1034 

12  14 

216 

2-01 

1709 

„     10 

878 

1082 

6-81 

3-14 

2-89 

16-80 

„     11.. 

980 

1030 

12-25 

3-14 

2-32 

16-16 

„     12. . 

1255 

1027 

1204 

2-78 

2-85 

16-99 

„     13.. 

1440 

1027 

14-99 

813 

2-76 

17-31 

Totals  . .  . 

10240 

•  • 

104-06 

26-24 

23-54 

150-30 

A?erages  . 

1137 

1030 

11-56 

2-91 

2-61 

16-70 

4Rr>  Mr.  \V.  North.     The  lujiamce  of 

Composition  of  Urine,  Experiment  II,  1879.     March  19  to  March  2 


Duo 

QuBOtilJ. 

Spreiiip 
gra>itj. 

Cbloridea 

'^?r- 

LXT 

Nitrogen. 

Mftrchia. 

760 

1036 

7'SO 

2-36 

2-67 

14-01 

SO. 

1155 

1030 

17-77 

2-5S 

2-55 

14-61 

IISS 

1020 

19-48 

2-52 

2-64 

14-51 

g2 

S290 

1017 

21  « 

2-60 

2-68 

lfi08 

is. 

83BII 

1020 

21  89 

B-68 

4-lH 

31  42 

2i. 

970 

1032 

12-52 

1'70 

8-15 

17-31 

25 

1091 

1U33 

17-72 

S-00 

a- 7(1 

1C'04 

£6 

1640 

1027 

20-&0 

.2-27 

2-85 

16-82 
130-70 

ToUli  ... 

11781 

138 -»4 

19-48 

A»erug,». 

1472 

1087 

17S6 

2-43 

2-99 

14-B8 

OompositioB  of  Uriiii 
Experiment  III,  1879.     April  2 


DbI«. 

Quintitj. 

Ohlorido 

».  F,0„ 

Sulphate! 

Mit«,R.n. 
Liebig. 

Speoiflo 

April  2  . . 

603 

6-24 

2  92 

2-65 

13-04 

1034 

1675 

23-67 

1-58 

2 '99 

lH-23 

1023 

15S8 

19-83 

1-64 

2-64 

1022 

„     B.. 

PiW 

18-38 

2-34 

1030 

„     6  , . 

2064 

20-64 

1-17 

3-32 

17 -55 

1020 

„    7  .. 

927 

14-01) 

3-07 

2-67 

15-69 

1032 

14110 

18-95 

2-01 

2-47 

17 -SI 

1027 

„     9.. 

12:'7 

18-70 

2-09 

2  54 

14-!i2 

10-29 

TofU  . . . 

10534 

139-60 

16-82 

21-66 

125-21 

A«r.g™. 

1316 

1/-43 

2-10 

2-70 

IB  -7-1 

103T 

Composition  of  Urine. 
Experiment  IV.  1879.     May  7  to  May  14. 


Date. 

QlUDtilj. 

Spcc-ific 

CbluHdo 
u  S.U. 

FhoHpliates 
a.  P,0,. 

Sulphate 
»  lIjSO., 

Nitrogfn. 
Liebig. 

M.T  7... 

CO. 

695 

1031 

7-33 

2-03 

1-94 

11-28 

1600 

1U26 

20-31 

3  06 

16-31 

9... 

1480 

1022 

19-41 

2-25 

2-13 

12-98 

10,.. 

1800 

1026 

19-49 

4-28 

5-38 

810 

1033 

12-15 

3-04 

3-29 

17-66 

1038 

1021 

8-64 

3 -OS 

18-69 

13... 

v-m 

1022 

16-87 

2-ai 

16  17 

14... 

1641 

1020 

18-77 

2-ao 

2  63 

16-16 

122-87 

23  31 

132-28 

1307 

1025 

15  35 

2-91 

..» 

16-83 

Bodily  Labour  upon  tlie  Discharge  of  Nitrogen.  467 


Comparison  of  the  Nitrogen,  Phosphoric  and  Sulphuric  Acids  of  the 
Urine  before  and  after  the  Work.     Experiments  of  1879. 

Daily  Averages. 


1 

No.  I. — Nitrogen  .... 

PA 

HaS04   

Before  work. 

After  work. 

Differences. 

16-48 
2-97 
2-67 

16-87 
2-87 
2-66 

0-39 
0  10 
Oil 

No.  II. — Nitrogen .... 

PA 

H^04 

14-77 
2-46 
2-62 

17-89 
2-41 
3-24 

8-12 
0  04 
0-64 

No.  III. — Nitrogen .... 

PA 

H^O....... 

16-06 
2  12 
2-66 

16-42 
2  08 
2  76 

1-87 
0-04 
0  09 

No.  IV. — Nitrogen. . . . 

P2O, 

l^^O^ 

13-52 
2-38 
2-37 

18-34 
3-23 
8-48 

4*82 
0-86 
111 

Balance  of  Nitrogen  in  Ingesta  and  Excreta.     Experiments  of  1879. 
Experiment  1, 1879.     Work  done  March  9,  1879. 


No.  I.— Totals 

Daily 

Differenes . . . 

Urine. 

Fieces. 

Total. 

Ingesta. 

160-30 
16-70 

•  • 

18K)9 
2-01 

168-39 
18-71 

•  • 

169-71 

18-86 

1-32 

No.  II.— Totals 

Daily 

Differences  . . 

130-70 
14-83 

. . 

16  08 
2-01 

•  • 

146-78 
18-84 

160 -86 

18-86 
4  07 

No.  III.— Totals 

Daily 

Differences  .. 

126-94 

16-74 

* . 

15-29 
1  9L 
•  • 

141-23 
17-65 

. . 

160-85 

18-86 

9-62 

No.  IV.— Totals 

Daily    

Differences  . . 

132-28 
16  53 

. . 

16-87 
2  10 

•  • 

149  16 
18-64 

. . 

160  -85 

18-85 

1-70 

Experiment  I,  1879. 

Distance  walked  ..'...• 30    miles. 

Total  time  of  journey 8^  hours. 

Halts 1^  hour. 

Actual  time  of  walking 7    hours. 

Average  pace    4*28  miles  per  hour. 

Load  carried 22*56  lbs. 
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Experiment  II,  1879.     Work  done  March  23,  1879.  ^| 

Distance  walked 33  miles. 

Total  time  of  journey 8^  hours. 

Halto lihonr. 

Actual  time  of  walking 7^  hoara. 

Average  pace    . . . , 455  miles  per  hour. 

Load  carried 24  Iba, 

Bemarkt. — Stiff  north-easterly  gule   blowing  all  day ;  heavy   rain 
•and  sleet,  bitterly  cold. 

Experiment  IH,  1879.     Work  done  April  6,  1879. 

Distance  walked 26  miles. 

Total  time  of  jonrney 6"75  hours. 

Actual  time  of  walking    6  hours. 

Average  pace    .-     4'33  mile.t  per  boar. 

Load  carried 3012  Ib». 

RemarkM. — Rained  heavily  and  without  ceasing  during  the  wliole 
journey. 


Experiment  IV,  1879.     Work  done  May  10,  1879. 

Distance  walked 49  milea. 

Total  time  of  journey 12  hours. 

Halts labour. 

Actual  time  of  walking 10^  bonrs. 

Average  pace    466  miles  per  honr. 

Load  carried 30"31  lbs. 

Bemarke. — Had  nearly  one  hour's  sleep  in  the  middle  of  the  day  ; 
the  pace  during  the  last  two  hours  was  considerably  above  the  day's 
average.  1  returned  to  London  by  train  very  tired  and  stiff,  but 
slept  aonndly  and  was  practically  recovered  the  next  day. 


Date. 

Tima. 

Pulse, 

Temperature, 

Boiiv. 

Mean  HaiU 

Ijing. 

mouth. 

weight. 

boJy.weinl,L.; 

I87S. 

1 

March   6.... 

8         A.M. 

56 

ns 

I' 

120-31 

6.... 

12.15     „ 

5S 

UH 

H 

134  06 

131-68      1 

9 

61 

98 

(1 

132 '56 

7.... 

12.30     ,. 

63 

9H 

1 

134-31 

133-43       ! 

8,30     „ 

66 

98 

« 

132-37 

1 

8.... 

12.15      „ 

62 

08 

4 

134-18 

133  -27 

8.30      „ 

49 

98 

4 

133-25 
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Date. 

Time. 

Piil«, 

[piiipetntiirc 

Jiodv. 

Mean  Juilv 

. 

Ijiiig. 

nioulh. 

».iBl,.. 

bodj-ireigbl. 

IflTS. 

March   9.... 

12.15  A.K. 

B4 

98 

6 

133  00 

133  U 

8 

64 

BB 

2 

130  87 

7        P.K. 

126-62 

12 

130-68 

130-39 

„      10.... 

9.30  A.M, 

66 

98 

6 

129  00 

„      11.... 

2 

60 

99 

8 

133  26 

131-12 

9.30     „ 

66 

98 

1 

131   12 

„      12.... 

2 

64 

98 

6 

133-43 

132-27 

8.30     „ 

67 

E 

131  -93 

„      13.... 

1.30     „ 
9.30     „ 

62 
63 

98 
98 

7 

134  -50 

133  -21 

„      U.... 

2 

62 

93 

0 

135-12 

9.30     ., 

48 

98 

2 

133  00 

..      16.... 

2 

68 

99 

131  '37 

m  18 

» 

63 

98 

1 

130  12 

..      16.... 

1.30     „ 
12.80  P.M. 

67 

99 

0 

131 '37 
129-37 

130-74 

„      17.... 

1          A.M. 

60 

99 

0 

129  56 

129-46 

S^     „ 

61 

98 

4 

128-43 

„      18... 

1.30     „ 

67 

98 

7 

132  25 

130-34 

10 

63 

0 

130-75 

„      19.... 

2.30     „ 

63 

99 

8 

129-50 

180-12 

11 

64 

98 

138  31 

„      20.... 

12.16      ., 

6S 

98 

9 

134-56 

131-43 

10 

M 

98 

m  76 

.,      21.... 

1.30      „ 

62 

98 

7 

134-87 

133  -81 

10 

49 

98 

4 

133   lU 

„      2i.... 

12.30      „ 

98 

7 

135-60 

134-34 

9 

64 

98 

3 

183-68 

«      23.,,, 

1.30     „ 

66 

99 

0 

133  37 

133-62 

8 

63 

98 

0 

132-18 

9          P.M. 

128-18 

„      24.... 

12.80  l.M. 

69 

98 

6 

laioo 

130-43 

11 

49 

98 

6 

128  81 

„      25.... 

2.30     „ 

49 

99 

0 

134-00 

131-10 

11          » 

60 

98 

7 

132  -37 

„      26.... 

2 

66 

98 

8 

131-68 

133-53 

10 

63 

98 

6 

133-00 

„      27.... 

2          » 

69 

100 

8 

135-00 

13-1  00 

10          .. 

48 

99 

7 

133-12 

..      28.... 

„      29.... 

2 

64 

99 

0 

13b'-*3 

10 

98 

128-08 

„      SO... 

1 

57 

99 

5 

130-75 

129-71 

10 

64 

99 

0 

129 -la 

..      81.... 

1 

61 

98 

0 

129-12 

129-16 

0 

5E 

98 

128-0 

Aprill 

8 

49 

98 

4 

129  -H7 

129-03 

10 

61 

98 

4 

128-*) 

3 

Gl 

99 

0 

129  -37 

128-90 

9.30     „ 

G3 

97 

9 

128-158 

1 

66 

98 

4 

134-18 

131-43 

10 

64 

98 

1 

132-60 

2 

63 

98 

6 

133  -62 

133  04 

10.30      „ 

69 

98-4 

131 -HI 

1.30      „ 

132  -43 

132-12 

11 

66 

98 

6 

130-43 
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Bate. 

Time. 

PuIm, 
lying. 

Temperature 

IDOUth. 

Body. 
Keigit. 

Mean  d.uly 
body-wcighl. 

1879. 
HanihS 

„     7 

„    8  .... 

.,    9 

,.  10 

M»r  6 

„    6 

,.     7 

„    8 

„     9 

„  10 

„   11 

„  12 

,.  13 

.,   U 

„  15 

1        A.II. 

10         FJt. 

1         J..M. 
11 

1 
10 

10  ", 
12.30      „ 

« 

8.30     „ 

11  P.H. 
9        A.M. 
8 

8.30     „ 

1 

a 

10 

11       p.a. 
3.30  A  u- 

2            A.M.* 
11 
1 
fi 

11                ',', 
1 

8 

68 
61 

53 
64 
64 
66 
63 
64 
60 
*8 
61 
62 
49 
4S 
48 
63 
65 
67 
64 

67 
63 
62 
61 
59 
59 
6B 
6! 
6t 

89  0 
98  0 
B9-8 

98'0 

98-7 
98-4 
08  B 

98  4 
98-8 
98-0 
97-8 

99  0 
96-4 
98-6 
08  2 
fl8'2 
38 -B 
98 '8 
98 '4 

^"■4 

911 -3 
98-4 
9S-8 
W'i 
88-6 
98-4 
96  7 
OS  4 
98-8 
98  0 

134-60 
133-76 
lM-06 
182-00 
ISO  18 
184 '68 

133  2S 
135  IB 
13318 
184-93 
133 '48 
130-37 
132-00 
130-68 
130-18 

134-31 
132-50 

134  68 

132  IB 
184-31 

133  06 
1-26  25 
11'!)  2B 
127-00 

132  43 
130 -S? 
134-31 
132 '02 
135 '31 

133  43 
132 -G8 
131  '31 

laa 

130 

132 
134 
134 

181 
130 
131 
133 
133 

129 
129 
132 
133 
133 

4A 
S3 

4S 
81 

0. 

IB        1 

43 

£0 

&9 

24 

52 
71 
59 
9li 
06 

The  1882  Series  of  Experiments. 
The  following  tables  exhibit  the  whole  of  the  results  of  the  obxor- 
vations  made  daring  these  esperimentB  ;  for  convenience  of  refereucf 
I  have  designated  them  by  letters,  as  follows : — 

Table  A. — Quantity,  specific  gravity,  and  chemical  compoaition  of 

the  nrine. 
Tahle  B. — The  time  of  paasiog,  quantity,  and  composition  of  the 

fesces. 
Tahle  0. — The  total  daily  discharge  of  nitrogen  by  nrine  and  rmcea. 
This  table  requires  a  brief  explanation.  In  order  to  distribnt*  the 
ffflces  as  evenly  as  possible  over  the  experiment,  which,  as  I  have 
explained  before,  is  very  difficult  to  do  sat ia  factor]  ly,  I  have  assumed, 
as  I  have  endeavoured  to  show  1  have  some  right  to  assume,  that 
.^cnerallj  speaking  each  qaanlity  of  fKces  represents  a  day.     On  this 
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aAsnmption  I  have  set  back  the  fadces,  so  that  in  Table  G  they  appear 
opposite  the  day  to  which  they  probably  belong.  In  some  cases  this 
has  not  been  possible.  On  the  whole  I  think  this  plan  is  better  than 
the  alternative  one  of  dividing  them  equally  over  the  whole  time,  or 
considering  them  qnite  separately. 

Table  D  shows  the  daily  state  of  what  I  may  call  the  debit  and 

credit  account  of  the  body  as  regards  nitrogen.     The  fluctuations 

of  the    "  store  nitrogen "  can  be  comprehended  very  readily 

from  it. 
Table  E  gives  the  daily  discharge  of  PaOs  by  urine  and  faeces,  on 

the  same  assumption  as  that  made  in  constructing  Table  C. 
Table  F  shows  the  results  of  all  observations  on  pulse,  respiration, 

temperature,  and  body -weight. 
Table  O  gives  the  mean  daily  value  of  the  observations  recorded  in 

Table  F. 
Table  H  shows  the  amount  of  work  done,  and  the  loss  of  weight 

sustained  in  conseq^enx^e. 

I  had  originally  intended  to  enter  upon  the  question  of  the  foroe 
value  of  the  food  and  its  relation  ta  the  energy  expended  during  the 
work.  At  the  best  it  would  only  have  been  an  estimate  based  on 
Professor  Frankland's*  tables,  and  the  data  from  which  the  work  of 
the  body,  both  internal  and  external,  are  so  inexact  and  untrustworthy, 
that  under  the  circumstances  I  have  thought  it  best  to  content  myself 
with  a  simple  statement  of  the  number  of  miles  walked,  and  the  time 
occupied  in  the  performance  of  the  work.  It  will  be  sufficient  here 
to  say  that  the  general  truth  of  the  conclusions  drawn  from  the 
classical  experiment  of  Professors  Fick  and  Wislicenus  is  confirmed  by 
the  results  of  these  experiments  in  every  case. 

It  is  to  be  understood  that  except  when  otherwise  stated,  the  diet 
was  that  given  in  the  table  accompanying  the  section  in  which  the 
diet  was  discussed,  and  that  no  exercise  was  taken  except  such  as  was 
involved  by  my  ordinary  occupation. 

Experiment  I,  1882.     May  24,th  to  June  1st. 

The  figures  in  Table  A  point  conclusively  to  the  fact  that  the  work 
done  on  May  28th  caused  a  considerable  increase  in  the  nitrogen  die- 
charged  by  the  urine.  The  average  daily  discharge  on  the  four  days 
before  the  work  was  14*15  grams,  whilst  during  the  remaining  five 
days  it  rose  to  an  average  of  15*74  grams,  and  the  increase  not  only 
affected  the  discharge  on  the  day  of  the  work,  but  every  succeeding 
day.  There  was  apparently  no  tendency  to  return  to  the  average  dis- 
charge before  the  work,  and  it  would  seem  as  if  the  exertion  had  simply 
served  to  give  tone  and  regularity  to  the  nitrogen  discharge. 

•  "  The  Origin  of  Muscular  Power,"  "  Phil.  Mag.."  No.  215,  September,  1866. 
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The  avemge  daily  elimination  by  urine  finil  feces  combined  is: 
first  four  day8,  1664  gmms  ;  last  five  days,  17-88  grams. 

DeBjiite  tliis  increased  discharge,  there  were  remaining  in  the  body 
2'77  grams  of  niti-ogoo  known  to  have  been  taken  in  aa  food.  The 
figures  of  Table  E  are  interesting,  as  shoiving  that  up  to  the  day  of 
work  the  body  was  steadily  accumulating  nitrogen,  which  was  as 
Bteadily  given  out  in  the  period  after  the  work  [  it  13  perhaps  a  matter 
of  regret  that  the  experiment  was  not  prolonged  for  a  few  days,  in 
order  to  observe  whether  tlie  ratio  of  the  ingeata  to  the  excreta  wonlil 
have  returned  to  that  existing  belore  the  work.  It  is  worthy  of  remark 
that  though  the  exercise  increased  the  discharge,  the  amouut  of  nitro- 
gen retained  ia  the  body  during  the  period  after  the  work  was  greater 
than  before  it. 

The  average  daily  discharge  by  the  fseces  was :  first  fonr  days, 
2-48  grama  ;  last  five  days,  2*15  grams,  clearly  pointing  to  increu*ed 
absorption  by  the  intestines. 

The  Phoifkoric  Add. — Comparison  of  the  ingeata  and  excreta  ohowa 
an  excess  in  the  latter  of  2-60  grama.  There  can  be,  I  think,  bnt 
little  doubt  that  this  was  due  to  the  diet  before  the  experiment  com- 
menced, the  difference  in  the  P.Oj  of  the  ingesta  and  excreta  for  the 
first  four  days,  i.e.,  the  period  before  the  work,  being  2-72  grams,  after 
the  work  the  daily  discharge  was  3'84  grams,  and  the  daily  entry 
i'Jb7  grams,  or,  allowing  for  error  of  expeninent,  practically  the  same, 
since  it  would  appear  from  the  cons idei-at ion  of  the  phosphoric  acid, 
that  the  effect  of  the  work  was  to  regulate  the  dally  discharge. 

The  agreement  of  the  figarea  may  be  accidental,  but  considering 
that  they  are  the  sum  of  a  number  of  separate  analyses,  this  can 
hardly  be  the  case,  and  this  I  think  tcndi  to  justify  the  distribution 
(if  the  fieces  according  to  the  plan  which  I  have  adopted. 

The  sulfihuric  acid  was  undoubtedly  increased  after  the  work  to  the 
extent  of  0'24  gram  per  diem  The  bulk  of  this  excess  was  excreted 
on  the  day  of  work  itself,  as  the  following  figures  show  :— 

Daily  avemge. 

HjSOj  fonr  days  before  work 2'76  grams. 

HaSO^  fours  days  after  work    2'88      „ 

HjSO^  day  of  work    348      „ 

that'  is,  an  increase  on  the  day  of  work  of  0'66  gram  above  the 
average  of  the  whole  of  the  rest  of  the  experiment. 
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Composition  of  Urine. 
Experiment  1, 1882.    Maj  21  to  Jnne  1. 

Table  A. 


Date. 

Quantity. 

Specific 
gravity. 

Chlorides 
as  NaCl. 

PhoepUates 
as  PjOs. 

Sulphates 
as  HjS04. 

Nitrogen. 

May  24. 

c.c. 
700 

1022 

2-88 

2-43 

2-78 

14-80 

,,'  25. 

800 

1026 

6-87 

2-01 

2  76 

18-95 

u     26. 

1000 

1022 

11-72 

1-71 

2-77 

14  10 

„     27. 

1100 

1024 

12-93 

1-89 

2-75 

13-77 

..     28* 

1000 

1025 

9-39 

1-76 

3-4S 

15-57 

»     29. 

860 

1024 

7-83 

204 

2-96 

15-92 

M     30. 

1200 

1025 

11-25 

1-93 

2-85 

15-89 

,.     31. 

1100 

1025 

13-94 

2  16 

2  92 

15  38 

June     1 . 

1210 

1025 

15  06 

2-05 

2-81 

15-94 

Total?  . . 

8970 

•  • 

91*86 

18-00 

26  07 

135-33 

Averages 

996 

1024 

10-20 

200 

2-89 

15  03 

•  Day  of  work. 


Composition  of  Faaces. 
Experiment  I,  1882.     May  24  to  Jane  1. 

Table  B. 


Date. 

Time  of 
passing. 

Quantity. 

Phosphates 
as  PjOj. 

Nitrogen. 

May  2t 

.,     25 

»     2« 

M     27 

,>      ^o.  >  •  • . 

„     29 

»     30 

„     31 

June    1 

»»       2. . .  • 

rejected 

•  • 

4.30  P.H. 

2.30      „ 

12.15  A.1C. 

12         M. 

2.15  P.M. 

2 

1 
12-80  „ 

11         ,. 

grams. 

none 

110 

127-5 

130-5 

145 

119 

132 

108 

147 

109 

2-44 
2-72 
2-79 
2-23 
1-79 
1-99 
1-63 
2  21 
1-64 

2-22 
2-57 
2-63 
2-52 
2-08 
2-31 
1-89 
2-57 
1-90 

Totals  .... 
Averages. . 

•  • 

•  • 

1128 
125-3 

19-44 
2-16 

20-69 
2-29 

VOL.  XXXIX. 


2  I 


Mv.  \V.  North.      The  luflnence  of 


Total  Daily  Elimination  by  Urine  and  FaweB. 

Experiment  I,  1882.     Maj  24  to  Jane  1. 

Table  C. 


1 


D»M. 

Nilrogen  of 
urine. 

NitragBD  of 
fiecei. 

ToUd.. 

M»tS4 

„     26 

.,   ai 

„     27 

„     28" 

„     29 

„     30 

„     81 

June    1 

U-80 
13- 35 
14  10 
X8-77 
15-67 
16-90 
16-89 
16-88 
16-94 

2  22 

2'67 
2-63 
2-62 
2'08 
2-31 

i-se 

2-67 

litO 

17 '02 
lG-62 

lfl-73 

ie-29 

17-66 
18-21 

17-78 
17 '96 
17-84 

Tot^i 

AroraKW.... 

135-82 
16-03 

ao'fis 

2  20 

16t;'02 

173:( 

Daily  Balance  of  the  Nitrogen  of  Ingesta  and  Excreta. 

Experiment  I,  1882.     May  24  t«  June  1. 

Tal.le  D. 


Dal«. 

Nitrogen  of 
iligfsU. 

XifroRon  of 

Difference. 

MBy24 

17-64 

17-02 

0-fi2 

35-28 

33-54 

„     2ti 

52  92 

5027 

2-fio         1 

70-57 

fi8-5(i 

4-01          1 

„     28 

88-21 

84-21 

4  00 

„     29 

105-85 

102 -M 

3-41 

l2:i-50 

lvO-22 

3-28 

141  14 

13N-I7 

June    1 

158  78 

156-01 

2-77 
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Total  Daily  Elimination  of  P^Os. 
Experiment  I,  1882.     May  24  to  Jane  1. 

Table  E. 


Date. 

PA  of 

urine. 

PA  of 
£eces. 

Total 

May  24. 

„     25 

„    26 

»    27 

„    28» 

„    29 

»    80 

„    31 

June   1 

2-43 

2  01 
1-71 
1-89 
1-76 
2*04 
1-93 
2-16 
2-05 

2-44 
2-72 
2-79 
2*23 
1-79 
1-99 
1*63 
2-21 
1-64 

4-87 
4-73 
4-50 
4-12 
3-55 
4-03 
3-56 
4-37 
3-69 

Totals 

Averages .... 

17-98 
2-00 

19-44 
2  16 

37-U 
4  16 

Total  PaO^  ingested    34*84    •... 

„  excreted    37  '44    .... 


daUy  3  87 
4*16 


If 


Excess  of  PjO^  in  excreta  ....     2  *  60 

•  Day  of  work. 


Observations  on  Pnlae,  Respiration,  Temperature,  and  Body- Weight. 

Experiment  I,  1882.    Hay  24  to  June  2. 

Table  F. 


PuUe. 

Respiration. 

Temperature,  P*. 

Date. 

Time. 

1 

Body- 
weight. 

1                 1 

1 

s. 

L. 

S. 

Mouth. 

Axilla. 

1 

lbs. 

May  24. . . 

10         A.M. 

•  • 

•  • 

129  -75 

„     25. . . 

12.15    „ 

69 

91 

132  25 

98-0 

,1       Zh.  .  • 

9.30    „ 

60 

71 

130-50 

97-8 

„     25... 

12         P.M. 

63 

80 

133  11 

97*3     i 

„     26.  •  • 

8.30  A.M. 

56 

78 

132  00 

97-2 

„     27.  . . 

1.15     „ 

68 

85 

*  • 

133  -75 

97-4 

„    27... 

0 

53 

66 

1^2  -25 

97-2     , 

„     28».. 

1.15     „ 

65 

84 

133 -75 

97-8 

J)       Zo>  •  . 

7.45     „ 

52 

64 

132  00 

96-4 

})       ^o.  .  . 

10.30    „ 

.. 

134 

• . 

100  0 

,)        £iO,  .  . 

10.40     „ 

•  • 

144 

. . 

100-1 

1 

J)        ^O.  •  • 

3.15  p.m. 

•  •                 •  •                • 

•  • 

100  0 

1 

„     28. . .  1 

7.1^0    „ 

83t,  114               1 

1 

•  Day  of  work. 

ti 

[aken 

wlij 

list  i 

litting  i 

n  the  train. 

2  1  2 


^^^^^^^^^^^H 
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Table  P — confin«#rf. 

Pul»e. 

TBmp«.t«».  F* 

i 

Dute 

Time. 

JSJ.-. 

L. 

a. 

L. 

El. 

MotttL. 

AiiU.. 

lU. 

M.J28 

B.S5  t.M. 

138-00 

99-7 

.10 

99  2 

1         kM 

77 

KIK 

131 

S«) 

M-0 

„    Si 

..      9.20    „ 

M 

79 

lea 

l>ti 

97  B 

97 -a 

„    ar 

fC4 

7fl 

132 

86 

97-4 

40 

ntj 

13U 

n 

96-7 

lid 

M 

1S8 

7S 

97-8 

..    81 

M 

70 

129 

Ml 

97 -a 

Juno    I 
..      1 

. .      2.30     „ 

. .     aso    „ 

69 

7a 

133 
131 

9?  4 
S»7'8 

fH 

132 

50 

..     10 

Mi     &2 

13125 

97 -4 

Mean  Daily  Body- Weight,     Pulse  and  Temperature. 

Kxperiraent  I,  1882.     May  24  to  Juoe  1. 

Table  G. 


WCIgtt. 

PuIbo. 

Axillary 

tempemture, 

L. 

9. 

May  21 

„    as 

„   aii 

„     27 

„    28 

„    29 

„     30 

„     31 

Juno    1 

Ib.- 

131  00 

132  18 
la2-87 

133  00 
130-75 
130-87 
132-25 
130  75 
131-37 

61 

64 
5» 
53 
54 

55 

6 

0 
5 

0 

5 
0 

75 

75 

78 
69 

71 
59 

5 
5 
0 
0 
5 
0 
5 
0 

97 
97 
97 
97 
97 
97 
97 
97 

55 
30 
50 
70 
30 
20 
30 
30 

Av.ri.y«.... 

131  -67 

5H 

5 

74 

1 

97 

40 

Bodily  Labour  upon  the  Discharge  of  Nitrogen,  477 

Experiment  I,  1882.    May  24  to  Jane  1. 

The  Work  done  May  28,  1882. 

Table  H. 

Distance  walked   30  miles. 

Total  time  of  journey 8  hours. 

Halts 1  hour. 

Actual  time  of  walking    7  honrs. 

Average  pace 4*28  miles  per  hour. 

Weight  naked  before  starting 132  lbs. 

„            on  returning 129   „ 

Loss 6   „ 

Weight  of  clothes  and  kit,  i.e.,  the  load 

carried     . , — 28   „ 

Remarks, — This  was  the  first  long  walk  I  had  taken  for  three 
months.  I  was  out  of  condition.  The  day  was  exceedingly  hot,  and 
perspiration  excessive.. 


Experiment  I,  1882. 


Whole  experimeai. 

Daily. 

Nitrogen  of  urine  .... 
„       of  fseces  .... 

TotAl  excreta 

Total  ingesta 

Difference   

PjOj  of  urine 

PjOj  of  feres 

Total  excreta 

Total  ingesta 

r)iff<;^ren«*e8  .....  t  .... 

135-33 

20-69 

156  02 

158 -78 

2-76 

18-00 

19-44 

37-44 

34-84 

2-60 

16  03 
2-29 
17-32 
17-64 
0-32 
2-00 
2-16 
4-16 
8-87 
0-29 

Before  work. 

After  work. 

Difference. 

Nitrogen  of  urine  .... 
„       of  fieces  .... 

Total  nitrogen 

P3O4  of  urine 

PjOj  of  feeces 

Total  excret-a 

!     H2SO4  in  urine 

1 

14-15 
2-48 

16-66 
2  01 
2-54 
4-55 
2-76 

15-74 
2-15 

17-89 
2-00 
1-85 
3-84 
3  00 

1-59 
0-33 
1-23 
0-01 
0-69 
0-71 
0-24 

Mr.  W.  Xortli.      The  fnjliwme  of 


Experitnent  II,  1882.     June  7lh  to  June  I5th. 

The  Nitrogen. — The  work  prodaced  a  very  obvioua  increase    i 
day  on  which  it   was  done,  wliich  was  coDtinned  &nd  was  eroi: 
marked  on  the  day  following:  the  average  daily  diachargo  before  t 
work  was  15"22  grams,  after  the  work    17'95   prams,   despite    thjfi 
increased  eicretion.     The  reserve  at  the  end  of  the  experiment  WM 
only  1'54  grams  less  than  on  the  day  before  the  work ;  in  the  previoo*  | 
euperiment  the  diminution  in  the  reserve  amounted  to  1'23  grams. 

The  Phot^horic  Arid.— 'Vh^TG  was  an  excess  of  phosphoric  anhydride  I 
excreted  over  that  ingested  over  the  whole  experiment  amoonting  ta  j 
0'5  gram,  ^  quantity  pr<jbably  well  within  the  errors  of  experiment; 
fitill  it  ia  worthy  of  remark  that  the  difference  during  the  first  four  i 
days  umonnted  to  0'5(>  gram,  which  wonld  Ecem  to  indicate  the.J 
pnjvioUB  diet  as  an  eiplanation. 

The  Sulphuric  Acul. — As  in  the  first  experiment  there 
undoabted  increase  after  the  work,  the  oxceas  amounting  to  1'42  gr&uuil 
over  that  which  would  have  been  excreted  hod  the  average  of  the  firat  f 
four  days  been  maintained. 


Composition  of  Urine. 

Experimcat  11,  1882.     June  7  to  Jane  15. 

Table  A. 


Dale. 

Qosntitj. 

Sp,  gr. 

Chlorides 
&9  NaCl- 

Fboapliates 

Siilnhatfs 
as  If  ^O.. 

Nitrogen. 

JUD*  7. . 

000 

1018 

2  54 

2-40 

2-02 

15-27 

„     8.. 

1100 

1023 

10-55 

1-81 

13-92 

„     9.. 

1440 

102S 

16  08 

1-87 

2-75 

„  10.. 

1070 

loia 

13-42 

1-80 

2  fi6 

12-49 

„  11.. 

1100 

10!;6 

12  13 

1-98 

3-05 

16-15 

„  12.. 

830 

1020 

7-58 

1-86 

3  02 

„  13.. 

1100 

1025 

12-47 

1-89 

2-55 

14-98 

„  14.. 

nw) 

10*6 

13-78 

1-80 

2 -88 

15-46 

„  15.. 

1290 

1023 

14-36 

1-66 

2-79 

13  59 

Toiala  . . 

10020 

101  -91 

17 '07 

25  88 

131-60 

Averages 

1113 

1023 

11 '32 

1'89 

2-87 

14-62 
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Composition  of  FsBces. 
Experiment  II,  1882.     Jane  7  to  June  15. 

Table  B. 


Date. 

Time 
of  passing. 

Quantity. 

Phosphates 
as  P,Oc. 

Nitrogen. 

» 

ne  7 

,    8 

,     9 

,  10 

,  11 

,  12 

,  13 

,  14 

,  15 

.  16 

■  • 
4.30  p.ic. 
12.45    „ 
3 

•  • 

1 

1.15    „ 

1 
6 
4.45    „ 

grams, 
rejected. 
62 
131 
114 
none 
132-5 
130 
148 
107 
178 

1-14 
2-87 
2-50 

2-77 
2  08 
2-36 
1-71 

2-84 

101 
2-56 
2  22 

2-57 
2-47 
2-81 
2-03 
3-38 

Totals 

^yerages.. .. 

•  • 

•  • 

992  5 
110-2 

18-27 
2-03 

19  05 
2  11 

Total  Daily  Elimination  of  Nitrogen  by  Urine  and  Fasces. 
Experiment  II,  1882.    Jane  7  to  Jane  15. 

Table  C. 


Date. 

Nitrogen  of 
urine. 

Nitrogen  of 
fieoes. 

Totals. 

June  7 

15-27 

101 

16-28 

„    8 

13-92 

2-56 

16-48 

„    9 

13-43 

2*22 

15-65 

„  10 

12-40 

0  00 

12-40 

„  11» 

16  16 

2-67 

18-72 

„  12 

16-31 

2-46 

18-78 

„  13 

14-98 

2-81 

17-79 

„  14 

15-46 

2  03 

17-49 

M  15 

13-59 

8-38 

16-97 

Totals 

131-60 

19-05 

150-65 

Averages 

14-62 

2  11 

16-74 

•  Day  of 

work. 

Mr.  W.  Nui-t,h.     TU  f../ttencf  of 


Daily  Balance  of  the  Nitrogen  of  Ingesta  and  Excreta. 

Experiment  TI,  1882.    Jane  7  to  June  15. 

Table  D. 


L^ 


Pate. 

Nitrogen  of 
iog»t«. 

Nitrogen  of 
tLcnUa. 

Diffbreii'w. 

Juub7 

„    8 

..    9 

„  10 

„  11 

„  18 

„  13 

„  14. 

„  16 

17-64 

ss-sa 
E3-9a 

70  57 

88 'SI 

loess 

123  60 

141  '14 
158-78 

16 
8S 
48 
60 

79 
98 

lie 

133 

150 

2H 

7e 

41 

00 
S2 
40 
19 

S8 
6S 

1 
2 
4 

Q 

8 
7 
7 
7 
9 

36 
52 
61 
67 
69 
4S 
91 
46 
13 

Total  Daily  Elimination  of  PjOj. 
Experiment  II,  1882.     Jane  7  to  Jun 
Table  E. 


Date. 

PA  of  urin«. 

P,0,  «f  facep. 

Total. 

Ji 

ne  7 

.    8 

,     9 

,  10 

.  11 

.   12 

,  13 

,  14..... 
.  16 

2-40 

1-81 
1-87 
]'80 
1-98 
1-H6 
1-89 

i-«c 

1-11 
2-87 
2-30 
0  00 

2-77 
2-08 
2 -36 
1-71 
2 'SI 

3-51 

4  OS 

4  y7 

I'SO          1 
4  75 

am        1 

4-2.-, 

3-51            ' 
4 -no 

TolalB 

Avemgei 

17  07 
1'89 

18-27 
2  03 

35  31 
3'!I2 

Total  PjOt  ocreted  . . 
„  ingesCed  . . 
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Obaervations  on  Palae,  Respiration,  Temperatnre,  and  Body- Weight. 

Experiment  II,  1682.    Jaue  6  to  Jnne  16. 

Table  F. 


PuUe. 

.■3£ 

TeDi|>Fnture. 

Date. 

Time. 

L. 

a.' 

L, 

8. 

Mouth. 

Aiilla. 

ib.. 

P. 

v. 

Junee. . . 

9.30  A.M. 

66 

so 

129  '26 

97  0 

..    7... 

1.30    „ 

57 

76 

129  37 

97-4 

„    7... 

10 

48 

68 

14 

129-75 

97  1 

„    7... 

4-10  P.M. 

88-1 

.,    7... 

11.30     „ 

98  0 

,.    8... 

1  46  i.Jt. 

62 

64 

16 

134-25 

96 -B 

„    8... 

10 

56 

68 

13 

132-60 

97-6 

„    8... 

6         P.H. 

98-8 

„    «... 

2        iM. 

79 

82 

is 

134'76 

97  7 

„    9... 

10 

62 

5tl 

14 

132  -76 

97  0 

.,    ft... 

4.30  F,tl. 

99-0 

„  XO... 

3.15  A,M. 

n 

64 

18 

08-0 

„  10... 

a,30    „ 

60 

64 

15 

13l*-62 

97  0 

„  10... 

2.15  P.M. 

98-4 

„  11... 

1,30  *.M. 

61 

78 

i's 

J3E60 

97-2 

„  11... 

8 

60 

16 

131  -26 

97  0 

„  11  . . 

10.45    „ 

99-2 

11.15    „ 

:!;;;• 

11.30    „ 
12.25  P.K. 

ick 

09-2 

,.11... 

4.20     „ 

99-8 

„  11... 

8.30    „ 

126-75 

98-4 

„  12... 

1.30  *.«. 

63 

72 

16 

130-00 

96-8 

„  12-. 

9.30    „ 

66 

78 

16 

128-76 

97-4 

.,12... 

6.30  p.M, 

98'-4 

„  13... 

12.10  i.il. 

98-7 

,,  13,.. 

2.16     „ 

4» 

64 

16 

13i*76 

97  0 

„  13... 

10.30    „ 

68 

62 

14 

130-62 

98-0 

.,  13... 

5      rM. 

99"o 

„  13... 

6 

99  0 

„  14, . . 

1.30  A-H. 

60 

M 

17 

iss'oo 

97  3 

97  0 

„  14. . . 

10 

62 

13 

131 -75 

a73 

„  14, . . 

4          P.H. 

09-1 

„  14. . . 

12 

99-2 

„  15... 

2          A.M. 

60 

TO 

16 

133  ■76 

„  16... 

11 

54 

56 

13 

181  -87 

97-6 

„  16... 

2.30    „ 

66 

84 

16 

132-50 

97-4 

,.  IC... 

9.30    „ 

■■ 

131-00 

Mr.  W.  Nijith.     r/jfl  Inpmice  of 


m  Daily  Body-Weight,  Pulse,  and  Temperatui 

Esperiment  II,  138'2.     June  6  to  June  15. 

Table  G. 


DuM. 

Body- weigh!. 

Fulsi-. 

Axillary 

L. 

S. 

I. 

S. 

JUIM.6 

,.    7 

„    B 

„    9 

„  10 

„  11 

,;  13 

„  13 

„  14. 

„  16........ 

lbs. 
130-31 
131  30 
133  -67 
138  00 
132 '06 
12»-25 
130 '35 
131  81 
13^76 
181  -78 

56 
6S 
157 
68 
65 
51 
6^ 
69 

se 
60 

5 

0 
6 
0 
6 
5 
S 

0 
0 

78-0 
61  0 
75  0 
70-0 
66-0 
70 '5 
MO 
66  0 
69-0 
TOO 

i^'ii 

14 -S 

IB  0 
15-0 

m-0 

15-7 
1.V5 
14  0 
14-6 

15 
IS 
16 
16 
16 
IB 
16 
16 
16 

5 
0 
0 
6 
5 
6 
5 
0 
5 

F". 
97-20 
96-95 
97-65 
97 -BO 
97  10 
96-90 
97 -» 
87-60 

97' SO 

131  '67 

57 -05 

IK>16 

15-05 

15  6 

97-37 

Experiment  II,  1882.    June  7  to  June  16. 

The  Work  done  June  11,  1882. 

Table  H. 

Distance  walked 32    miles. 

Total  time  of  journey 8J  hours. 

Halts U      " 

Actual  time  of  walking 7        „ 

Average  pace    4-57  miles  per  honr, 

AVeight  (naked)  before  starting   ....  l:il'25  lbs. 

„                on  returning 126"75    „ 

Loss     4'50   „ 

Weight  of  eiotlies  and  kit,  i.e.,  load 

carried 27-75    „ 

Memarks. — The  walk  was  accomplished  very  easily  in  the  time,  and 
without  material  fatigue.  I  was  perfectly  I'ccovered  ou  the  following 
day. 
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Experiment  II,  1882. 


Nitrogen  of  urine 

„  fofces 

Total  excreta .... 

„     ingesta.... 

Difference  .... 
PjOj  of  urine  . . . 
PjOj  of  fflBces. . . . 
Total  excreta .... 

„     ingesta  .... 

DiiTerence 


Whole 
experiment. 


131 

19 

150 

158 

8 

17 

18 

35 

34 

0 


•60 
•06 
•65 
•78 
•13 
•07 
•27 
•34 
•84 
•60 


Daily. 


14 
2 
16 
17 
0 
1 
2 
3 
3 
0 


•62 
•11 
•74 
•64 
•90 
•89 
•03 
•92 
•87 
•06 


Before 
work. 

After 
work. 

Difference. 

Nitrogen  of  urine. 

13-77 

15-29 

1-72 

II          xflcces. 

119 

2-65 

146 

Total  excreta .... 

16  22 

17-95 

2-73 

PjOj  of  urine. . . . 

197 

1-83 

0  14 

PjOj  of  ffiBces. . . . 

1-62 

2-35 

0-73 

Total  excreta .... 

8-59 

4- 19 

0-60 

H3SO4  in  urine  . . 

2  74 

2-97 

0-23 

Experiment  III,     July  bth  to  July  17th. 

This  was  in  reality  two  experiments  in  one,  and  mnst  be  considered 
in  two  separate  periods,  viz.,  from  July  6th  to  July  12th  inclasive,  and 
from  July  6th  to  July  17th  inclusive. 

1*^  Period. 

The  Nitrogen, — Again  an  unmistakable  increase  in  the  nitrogen 
discharge  is  to  be  noticed.  The  daily  average  after  the  work  exceeds 
the  average  before  the  work  by  1*26  grams ;  the  reserve  of  nitrogen 
was  reduced  from  11*62  grams  to  10*41  grams,  a  loss  of  1*21  grams, 
which  was  more  than  made  up  the  next  day.  The  close  correspon- 
dence with  the  diminution  occurring  in  Experiments  I  and  II  is 
worthy  of  note. 

The  Phosphoric  Anhydride. — The  increased  discharge  after  the  work 
is  very  marked,  but  the  total  quantity  ingested  in  the  time  is  by  no 
means  accounted  for,  as  the  following  figures  show  : — 
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PjOj  ingesteii  July  6  to  July  8  11'61  grams. 

I  PjOj  eiereted  July  6  to  July  8 8'25 

I  Diilerencfi 3'36 

I  PsOg  ingested  July  ■!  to  July  12 15-48 

r  PjO(  excreted  Jaly  9  to  Jaly  12 14-08 

Diffei-enco 1-40 

I.e.,  the  work  consnmed  1*96  grams  of  the  balance  accamalatcd  in  the 
three  days  wliich  pi-et^ded  it. 

The  tiutphvric  Add. — A  daily  increase  of  0-26  gram  followed  the 
work.     Reference  to  the  tables  shows  that  the  daily  iucreafle  was — 

In  Eiperiment  1     0'24  gram. 

In  Erperiment  II 0-23     „ 

In  Part  I,  Eiporiment  111    ..      0*25      „ 
figures  hardly  to  be  explained  as  the  result  of  accident. 

2nd  Period. 

The  period  "  before  the  work  "  is  in  this  case  only  one  of  com- 
parativa  rest,  becanae  it  ioclDdcs  the  work  done  on  July  9th. 

The  mrroye-i.— Despite  the  fact  tliat  July  9th  was  a  day  of  exercise. 
and  that  a  considerable  increase  in  the  nitrogen  discharge  then 
occurred,  the  daily  difference  between  the  nitrogen  discharge  before 
the  work  of  July  13th  and  that  of  the  period  after  it  is  do  less  than 
5'68  graniH,  or  a  total  excess  on  the  average  before  the  work  of 
22'72  grams,  and  this  great  ini-rease  notwithstanding  comparison  <)f 
the  ingesta  and  excreta  from  July  6tb  to  July  16th,  both  inclusive, 
shows  a  balance  in  favour  of  the  ingesta  of  6-30  grams.  The  figures 
of  Table  E  indicate,  however,  that  the  drain  on  the  store  was  hardly 
over  when  the  fast  of  July  17th  began.  I  regret  exceedingly  that  I 
did  not  continue  the  observations  for  three  or  four  days  before  fast- 
ing, as  it  would  have  afforded  an  excellent  opportunity  for  observing 
the  retention  of  nitrogen  in  the  body,  which  seums  to  be  the  natural 
consequence  of  a  previous  excessive  discharge.  Even  if  we  tako  the 
day  of  fast  into  onr  calculations,  it  leaves  only  3'93  grams  of  nitrogen 
to  be  accounted  for,  which  may,  I  think,  be  fairly  disposed  of  as  a 
portion  of  a  previously  existing  reserve. 

The  Pkoephork  Acid.— Over  the  whole  period,  July  6th  to  July  16tb 
inclusive,  there  is  a  balance  of  1'24  grams  not  accounted  for  in  the 
excreta,  and  even  if  we  include  the  day  of  fast,  the  ingesta  and  excreta 
practically  exactly  balance  one  another.  There  is,  however,  no  donbt 
whatever  in  this  experiment,  that  the  severe  labonr  produced  a  very 
marked  increase  in  the  phosphoric  anhydride  excreted,  not  only  on 
the  day  of  work  but  for  two  or  three  days  after. 

The  sulphuric  acid,  like  the  phosphoric  acid,  was  nearly  doubled  on 
the  day  of  work,  and  very  markedly  increased  for  the  three  succeeding 
Jays. 
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Composition  of  Urine. 
Experiment  III,  1882.     July  6  to  July  17. 

Table  A. 


Date. 

Quantity. 

Sp.  gr. 

Chlorides 
as  NaCl. 

Phosphates 
as  PjOj. 

Sulphates 
as  H^04. 

Nitrogen. 

Jiilj  5.. .. 

c.c. 
500 

1013 

114 

1-77 

1-62 

9  10 

,y    6.  •  •  • 
:     .,    7.... 

1         ,|       o.  •  .  . 
i           )l         *'*  ... 

„  10... 

;    „  11.... 

,  12..   . 
,      „  13.... 
„  14. .  . . 
.,  15.... 
„  16. . . . 
„  17. . . . 

600 

810 

1240 

1510 

1010 

990 

940 

1380 

900 

1500 

980 

2220 

1018 
1019 
1023 
1015 
1025 
1021 
1022 
1028 
1022 
1020 
1022 
1008 

1-38 

9  05 
16-74 
12-78 
10-43 
10-66 
12-23 
14  05 

5-96 
13  08 
10-51 

8-78 

2-44 
1-71 
1-30 
108 
1*44 
1-80 
1-74 
2-90 
2-22 
2-10 
2-14 
115 

2-94 
2-36 
2-44 
3-28 
3-30 
2-47 
2-28 
4-37 
3-42 
2-97 
2-83 
0-93 

14-22 
12  36 
12  18 
12-47 
16-35 
13-29 
11-77 
20-22 
19  16 
17-85 
15-86 
9-46 

Totals  .... 
Averages . . 

14080 
1173 

1020 

125 -69 
10-47 

21-99 
1-83 

33-63 
2-80 

175  -02 
14-58 

Composition  of  Faeces. 
Experiment  III,  1882.    July  5  to  July  17. 

Table  B. 


Dat^. 

Time 
of  passing. 

Quantity. 

Phosphates 
as  P^Oj. 

Nitrogen. 

grams. 

July  5. . . . 

• . 

rejected. 

.  • 

•  • 

Fast. 

„     6  .  . . 

•  • 

none. 

M     7. .  . . 

1         P.M. 

129 

107 

1-60 

,,       o.  .  .  . 

1         A.M. 

176 

1-46 

2  19 

>»         «7«  .   .  • 

12.15      „ 

40 

0  33 

0-50 

„  10.... 

11.30    „ 

205 

3  34 

3-43 

„    11.  .  .  . 

12          P.M. 

150 

2-44 

2-60 

.,  12..  - 

12.30     „ 

88 

1-40 

1-63 

8.30     ,, 

54 

0-87 

1-01 

,,   lo. ... 

•  • 

none. 

0-00 

0-00 

„  14  ... 

• . 

none. 

0-00 

0*00 

,,   lo. ... 

5 

214 

4-39 

4-28 

,,  16. . . . 

3 

176 

2-81 

3-06 

,,   17. . . . 

•  • 

none. 

0  00 

0  00 

Fast. 

,,   lo.  •  . . 

9         .. 

150 

2-40 

2-61 

Totals  . 

•  . 

1382-5 

20-51 

22-80 

Averages 

.  • 

106 -a 

1-57 

1-75 

13  days. 

.  • 

125-6 

1-86 

2-07 

11  days. 

r48C 
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Total  Daily  Elimination  of  Nitrogen  by  Urine  and  Fscefl. 

Experiment  III.  1882.    Jnlj  5  to  July  17. 

Table  C. 


I 


Data. 

Nitrogen  of 

Nitrogeu  of 
tm»t. 

TuU>U. 

July  5   

9'10 

0  00 

0  10 

Fut. 

14-22 

so 

15 '88 

7  

12-36 

19 

14-66 

.    8  

12-ia 

60 

ie'68 

,    9   

ViVi 

13 

IS '90 

,10   

11    

.  13   '.'.'.'.'.'. 

i«-a5 

13-29 
1177 
20  22 

50 
68 

01 
00 

18  ■S5 
Uil2 

la -78 

.  W   

1916 

28 

23-41 

17-86 

j6 

ao-90 

„  16   

16-86 

SI 

18-47 

,,  17   

a-tG 

O'OO 

9-46 

Fart. 

1                                                        1                            , 

Daily  Balance  of  Nitmgen  of  Ingesta  and  Excreta. 

Experiment  III,  1882,     July  5  to  July  17. 

Table  D. 


Date. 

Silrogen  of 

Nitrogen  of 

Difference. 

JuIt  6   

0-00 

9-10 

Fast. 

„    a  

17-61 

15 

182 

„    7  

35-28 

30 

37 

4-91 

„    8   

62-92 

43 

05 

9  87 

„    »   

70-57 

5H 

95 

It  (.2 

„  10   

8821 

77 

80 

10-41 

„  11    

105-85 

92 

72 

13  13 

„  12    

123  -60 

105 

50 

18  00 

.,13   

14L14 

126 

72 

15  42 

.,14   

158-78 

149 

16 

9-62 

„  15   

176  -42 

170 

Ofi 

6-36 

,.  Ifi   

194  06 

188 

63 

5  63 

„  17  

19-1  Oli 

197  -99 

-3  93 

Fast. 
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Total  Daily  Elimination  of  P3O5. 
Experiment  III,  1882.    July  5  to  July  17. 

Table  E. 


Date. 

PjOj  of  urine. 

P3O4  of  fsBces. 

Total. 

Ju 

lys  

.    6   

,    7  

,    8   

,    «/   • .  • . 

,  10   

,  11   

,  12   

,  13 

,  14   

,15   

,  16   

,  17   

1-77 
2-40 
1-71 
1-30 
108 
1-41 
1-80 
1-74 
2-90 
2-22 
2  10 
2*14 
115 

1-07 
1-46 
0-33 
3-34 
2-44 
1-40 
0-87 
0  00 
0-00 
4-39 
2-81 
2-40 

3-47 
3  17 
1-63 
4-42 
3-88 
3-20 
2-61 
2-90 
2-22 
6-49 
4-95 
3-55 

Totalu    

Averages 

21-99 
1  99 

20-51 
1-86 

42-60 
3-86 

Observations  of  Pulse,  Respiration,  Temperature,  and  Body- Weight. 
Experiment  III,  1882.    July  4  to  July  18. 

Table  F. 


Date. 


July  4. . . 
&• . . 
5. .  . 
5. .  • 

7... 
7... 
7  . . 

o. .  • 

«7.  •  t 

«/.  •  . 

«7.  .  • 

«/.  .  . 

10... 

11... 
11... 

12... 
12... 
12... 
13... 


Time. 


10.30 

2 

9-46 
12 

9 
12.30 

9.45 
12 

9 

2.30 

8 

3 
11 

7.30 

2 
10.30 
12  15 

730 
11.30 

4.3  J 


A.1C. 

It 

»» 
P.M. 

A.IC. 

>f 

)i 

P.M. 

A.M. 

»» 
P.M. 

>» 
A.M. 

»» 
it 

»» 
P.M. 

A.M. 


Pu 
L. 
53 

Ise. 
S. 

Respiration. 

L. 

S. 

74 

13 

15 

50 

64 

15 

18 

50 

70 

15 

14 

51 

72 

14 

18 

51 

64 

14 

16 

68 

74 

16 

17 

54 

58 

14 

14 

60 

70 

15 

16 

50 

60 

13 

15 

57 

74 

16 

18 

56 

58 

16 

16 

t  • 

62 

•  t 

72 

•  • 

16 

20 

53 

53 

12 

13 

59 

90 

14 

19 

49 

64 

15 

16 

55 

62 

14 

15 

51 

50 

13 

16 

62 

80 

15 

15 

52 

60 

13 

16 

Body- 
weight. 


lbs 
128 
129 
128 
127 
126 
130 
129 
132 
130 
131 
130 


31 
00 
00 
50 
25 
75 
50 
25 
75 
50 
75 


127  25 
130-25 
128 -75 
132  -75 
130  00 
131 -25 
130-75 


Temperature. 


Mouth. 


r. 


99 


6 


Axilla. 


F° 

96 

97 

97 

97 

97 

97 

97 

97 

96 

97 

97 

97 
97 
97 
97 
97 
96 
97 
96 


6 
0 
0 
8 
2 
8 
2 
0 
8 
2 


8 
8 
8 
8 
2 
6 
4 
0 


\ 
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m 

Pulse. 

Reapiration. 

t™p,„u™   ■ 

D>tf. 

Time. 

weigiil. 

1 

Ibi. 

1 

Jul;  IS 

.      8.1K  A.M. 

M-* 

1 

li 

.     10 

n 

.      7.30  P.M. 

m 

184  00 

99 -a 

1 

u 

.    11.43    „ 

m 

ttK 

17 

18 

126-50 

u 

4^ 

10 

U 

124  76 

15 

3 

jia 

BH 

12 

16 

129-50 

DS 

15 

■    11 

fill 

7» 

11 

18 

128-00 

FN! 

If 

a 

5fl 

14 

14 

129-00 

16 

■    11 

M 

08 

12 

13 

127-60 

m 

V, 

.       B.80    „ 

h». 

M 

IS 

14 

130-00 

W7 

n 

,     11 

r>vi 

hV. 

IS 

14 

139-00 

m 

u 

.     12.30    „ 

{>H 

100 

13 

13 

12fi-I0 

y? 

18 

.      8.30    „        48 

■■ 

124-60 

-Il 

^ 

iD  Daily  Body -Weight,  Pnlse,  and  Temperature. 
Experiment  III,  1882.    July  4  to  July  17. 
Table  G. 


Date. 

Bodj.WBigllt. 

¥a\if. 

BespirWiu.li. 

Axillary 
tempciBture. 

L. 

s. 

L. 

S. 

Jli 

"t :::::: 

6    

7  

li)  '.'.'.'.'.'. 

11  

12    

13    

14    

15   

16   

17   

Iba. 
Ub  02 
127  -75 
13H'50 
130-87 
13112 
V16  -75 
l-i8-7i> 
130-75 
130-62 
127-117 
127-12 
128-50 
128-05 
127-75 

51 
50 
59 
67 
53 
50 
50 
52 
66 
58 
55 

ba 
S3 
54 

5 
5 
5 

0 
6 

0 
0 
0 
6 

5 
0 

0 

69-0 
71-0 

60-0 
64-0 
62-0 
C8  0 
71  5 
03-0 
65-0 
76-0 
C7-0 
67  0 
66-0 
76-0 

14-0 

14-6 
15 -0 
14-6 
14-5 
16-0 
13 -U 
14-6 
14-0 
1.-.  0 
11-0 
12-5 
13  5 
13  0 

16-5 

16 -0 
16-5 
15  0 

18  0 
16-0 
15  5 
15-5 
170 
13  5 
13  0 
13-5 
1.1-5 

96  6 
97-8 

97-5 
97-1 
97-0 
97-6 
97-8 
97-5 

97  0 
971 
96-3 
06-9 
97-1 
97  0 

A 

"™b" 

128-77 

54-9 

6.-4 

13-9 

15-4 

97  12 
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Expennent  III,  1882.    July  6th  to  July  I6th, 

Two  work  days  were  introduced  into  the  experiment,  with  the 
view  of  testing  the  effect  of  muscular  labour  upon  the  elimination  of 
nitrogen  at  a  time  when  it  might  be  supposed  that  the  reserve  of 
tiitrogen  had  been  considerably  drawn  upon  by  previous  exercise,  and 
before  there  was  time  to  accumulate  a  fresh  store. 

Work  done,  July  9. 

Table  H. 

Distance  walked 33  miles. 

Total  time  of  jourrey 9  hours. 

Halts 2     „ 

Actual  time  of  walking 7     „ 

Average  pace 4*71  miles  per  hour. 

Load  carried - 27  lbs. 


I 


4 

I  was  prevented  from  observing  my  body-weight  at  the  end  of  the 
journey,  as  I  did  not  return  to  town  the  same  evening,  and  a 
weighing  machine  was  not  accessible. 

The  loss  of  wei?ht  may,  I  think,  be  reckoned  at  about  4  lbs., 
considering  the  difference  between  the  weight  before  starting  and 
the  weight  taken  the  next  day. 


!•• 


Work  done,  July  13,  1882. 

Table  H. 

Distance  walked 47  miles. 

Total  time  of  journey Hi  hours. 

Halts • IJ  hour. 

Actual  time  of  walking 10  hours. 

Average  pace    4*7  miles  per  hour. 

Weight  (naked)  before  starting    1>}0'75  lbs. 

„  on  returning   124*00    „ 

Loss 6'75    „ 

Load  carried 27*75    „ 

This  journey  was  one  of  the  greatest  efforts  I  have  ever  made 
in  the  course  of  these  experiments.  The  first  16  miles  was  covered 
in  3  hours  10  minutes,  during  the  greater  part  of  which  time  it  rained 
heavily,  and  the  roads  were  consequently  in  very  bad  condition.  I 
was  excessively  tired  on  my  return,  but  by  no  means  exhausted.  Food 
and  rest  soon  dissipated  the  effects  of  the  walk,  and  the  next  morning 
I  was  none  the  worse  for  the  exertion,  with  the  exception  that  I 
was  a  little  stiff,  and  suffered  all  day  from  intense  thirst.  I  may 
here  remark  that  on  every  occasion  on  which  I  have  sustained  con- 

vor..  XXXIX.  ^  ^ 
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giderable  loss  of  weight  in  conaequence  of  eerere  exercise,  I   have 
observed  tliia  eztrenie  tbirst  on  the  day  following.     It  would  aeem 

that  a  coTnpensatioti  for  the  weiglit  lost,  in  the  shape  of  water,  wu 
absolutely  necessary. 


Comparison  of  Nitroi;en  and  Phosphoric  Acid  in  the  Isgesta 

and  Bkcreta. 

Experiment  III,  1882. 


nitrogen  of  urino 

Tola)  excreta  . . . 

„     ingests  . . . 

Difference  . .  . . 
P,0,  of  urina. . . 
P,0,  of  focM.... 
Total  eicreU..., 

Differenoo 


1-70 
3-64 
3-65 
0  00 


Comparison  of  Nitrogen,  Phosphoric  and  Sulphuric  Acids  Excreted 

before  and  after  tfae  Work. 

Expcnment  III,  1882. 

1st  Period. 


Before  work. 

After  work. 

Differences-  ' 

NitrogBB  of  urine 

„            fiBCBB 

Totdl  nitrogen    

12 

1 
14 
1 
0 
2 
2 

92 
43 
35 

80 
95 
75 
68 

13 
2 

15 
1 
2 
3 
2 

47 
14 
61 
51 
01 
62 

0 

1 

0 

S5 
71 

39 

06 
77 
25 

Tot»lP,Oi 

H^Oj  of  urine 

nitrogen  of  urine 

Total  nitrogen  . . 
P,0,  of  urino.... 
PjO,  of  fieoea .... 
To(*lP,Os 

H^O,o(  urine  .. 
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Experiment^  February  %>th  to  March  3rd,  1883. 

This  experiment  was  oondacted  entirely  for  the  purpose  of  deter- 
TTiiuing  the  amount  of  the  nitrogenous  reserve,  of  the  existence  of 
which,  in  one  sense  or  another,  I  now  feel  thoroughly  assured. 

The  plan  adopted  was,  after  having  lived  on  the  experimental  diet 
for  some  time,  to  abstain  from  food  once  or  twice,  in  order  to  see 
whether  the  amount  of  nitrogen  discharged  during  a  twenty-four 
hours*  fast  was  much  influenced  by  the  amount  of  food  which  had 
been  taken  for  some  days  previously.  I  think  I  may  say  in  start- 
ing, that  the  result  was  a  negative  one,  that  is  to  say,  that  the 
amount  discharged  in  a  twenty-four  hours'  fast  seems  to  be  prac- 
tically a  constant  under  ordinary  circumstances. 

It  further  seemed  to  me  probable,  or  at  all  events  possible,  that  as 
now  nearly  six  years  have  elapsed  since  the  original  observations 
were  made  which  determined  my  experimental  diet,  1  might  be 
habitually  taking  more  or  less  food  per  diem  than  1  did  six  years  ago. 

In  order  to  test  this,  from  February  6th  to  February  13th  inclu- 
sive I  collected  my  excreta,  whilst  living  upon  such  a  diet  as  I  have 
been  accustomed  to  during  that  period,  without  any  regard  to  experi- 
mental considerations.  I  ate,  drank,  slept,  and  worked  as  though  no 
experiment  were  in  prog^ss,  and  in  order  to  avoid  any  possible 
influence  which  such  observations  might  have  had  upon  my  mode  of 
life,  I  abstained  from  noticing  the  variations  of  body-weight,  tempera- 
ture, nitrogen  discharge,  &c.,  as  I  have  found  that  when  I  am  obliged 
to  make  such  observations  myself,  I  cannot  avoid  the  effect  of  con- 
sideration of  them  upon  my  daily  life.  For  instance,  I  feel  quite 
certain  that  had  I  known  that  on  any  particular  day  the  nitrogen 
discharge  was  higher  or  lower  than  I  might  have  expected,  the  know- 
ledge of  it  would  unqnestionabty  have  affected  the  amount  of  food  I 
should  have  taken  on  the  following  day.  This  may  seem  a  somewhat 
extraordinary  admission  to  make,  but  nevertheless  I  am  convinced  of 
its  truth.  During  the  whole  of  this  first  period,  therefore,  I  was 
careful  not  to  inform  myself  of  the  results  of  the  analyses.  On 
February  14th  and  15th  I  abstained  from  all  food  whatsoever.  On 
February  16th  I  began  the  ordinary  experimental  diet,  and  continued 
it  until  February  26th.  On  February  27th  I  again  abstained  from  all 
food,  returning  on  the  28th  to  my  diet,  which  was  continued  until 
March  3rd.  This  experiment  then  naturally  divides  itself  into  two 
parts,  the  period  of  ordinary  diet  and  the  period  of  experimental 
diet,  and  we  have  to  consider  the  effect  of  the  fasting  in  each  case. 

Inspection  of  the  figures,  particularly  those  which  show  the  daily 
discharge  of  nitrogen  by  the  urine,  suffices  to  demonstrate  the  great 
nimilarity  which  exists  between  my  ordinary  food  and  my  experi- 
mental diet. 
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I  may  incidentaJly  remark  that  daring  tfaeRe  six  years  the  rariationa 
of  my  body-weight  have  been  rery  insignificant,  which  ib,  I  think, 
an  additional  proof  that,  at  all  events  as  far  as  food  is  concerned,  I  have 
lived,  ttithoot  knowing  it,  almost  according  to  mle,  though  it  wiU 
appear  in  the  aeqael  that  my  ordinary  diet  was  in  some  respects  rather 
morv  generous  ihan  the  experimental  one. 

With  this  introduction  vm  mtiy  proceed  to  discosa  the  analytioal 
details  of  the  oiperiment. 


Composition  of  Urino. 

Esporimentfl,  February  5  to  March  3,  1883. 

Table  A. 


mtronen 

rl  rlTOgBTi 

Dkt«. 

Qu«>- 

Chlo- 

riaet. 

ph»to«. 

Sul- 

ptlBtOB. 

(ion. 

"rt 

ap.gr. 

Fob.  5 

100 

0'S3 

3-17 

3-33 

U  50 

13  OH 

1014 

,.     6 

12(H) 

7'58 

01 

1213 

1020 

..     ' 

1-KH} 

8'96 

3-32 

3-71 

13 

87 

12-86 

1017 

..      8 

2620 

14-20 

2-eo 

4'77 

IS 

06 

1619 

1014 

,.     9 

2100 

1014 

2-18 

3-93 

15 

05 

13-29 

1015 

.,   10 

£000 

7'iH 

3-56 

3-69 

15 

15 

1417 

1012 

..   11 

12U0 

5-38 

1-62 

2-36 

0 

63 

8-81 

1013 

,.   la 

15U0 

704. 

2-35 

14 

27 

1017 

2200 

12-73 

2-31 

15 

79 

14-43 

1013 

„   I'l" 

1     SOO 
]■    BOO 

4' 10 

0'7a 

1-15 

5 

99 

6-67 

1010 

,.   14A 

0-30 

0-97 

0-65 

3 

32 

3-50 

1008 

„    l&a 

1     SOO 
f  900 

0-80 

0-84 

6 

619 

1017 

„    IBi 

0'35 

0-64 

3 

76 

3-39 

lOOG 

,.    16 

1300 

2-(il 

2-87 

2-9S 

14 

72 

13-70 

1017 

„   17 

2000 

11-90 

I'HG 

2-69 

13 

13-61 

lOU 

..  v\ 

2300 

19-« 

1-63 

2  95 

13 

58 

12-64 

1013 

„   19 

1300 

13-35 

1-57 

2-94 

12 

21 

11-71 

102* 

.,    ^ 

1500 

18  aa 

1-70 

2-HO 

13 

90 

13  07 

1023 

„   21 

1700 

18-01 

1-OA 

2-.H 

12 

13-70 

1017 

„    32 

2100 

20fi9 

1-99 

13 

33 

13 -42 

1017 

..    29 

1300 

17-40 

l'&4 

2-78 

13 

43 

13  00 

1027 

laoo 

20  03 

1-80 

2'90 

15 

16  06 

1021 

„    25 

1400 

U'92 

1-40 

2-30 

07 

10  89 

1017 

.,   26 

1000 

17-15 

178 

2-99 

15 

05 

13-83 

1021 

,.  27 

2000 

9-78 

lie 

112 

8 

66 

7-83 

1009 

M   21 

1200 

8'5g 

11'2 

2-76 

83 

11-60 

1020 

Mar.  1 

2700 

11 '56 

162 

2  11 

11 

08 

10-27 

1003 

..     2 

1000 

412 

1-73 

2-49 

11 

58 

10-89 

1019 

:       3 

1800 

16-73 

1-80 

2-81 

14'12 

1818 

1017 
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Composition  of  Faeces. 
Exporiments,  February  7  to  March  5,  1883. 

Table  B. 


Date. 

Quantitj. 

Nitrogen. 

PA. 

February  7 

„         8 

grams. 
240  0 
1710 

3-83 
2-73 

8-23 
2-30 

,;               9 

83  0 

1-32 

111 

..       10 

100  0 

1-59 

1-34 

„    11 

130  0 

2-07 

1-75 

„       12 

104  0 

1  66 

1-40 

„       13 

110  0 

1-76 

1-48 

M       14 

90-0 

1-43 

1-21 

„       15 

none 

0  00 

0  00 

„       16 

81  0 

1-29 

109 

„       17 

110  0 

1-93 

1-37 

,,      18 

79-5 

1-39 

0-99 

,,      19 

141  0 

2-48 

1-76 

„      20 

77  0 

1-35 

0-96 

M       21 

153  0 

2-69 

1-91 

„       22 

186  0 

2-39 

1-69 

n       23 

50  0 

0-88 

0-62 

,.       24 

123*5 

2-17 

1-54 

,.       25 

93  0 

1-63 

1-16 

„       26 

107  0 

1-88 

1-33 

„      27 

164-5 

2-89 

2-05 

„      28 

none 

0-00 

0-00 

March       1 

none 

000 

0-00 

2 

184-5 

2-36 

1-67 

8 

73-0 

1-28 

0-91 

4 

144-5 

2-54 

1-80 

6 

980 

1-72 

1-22 

2893-5 

47  16 

85-89 

Mr.  W.  North.     The  l„jl„nm  of 


Dailj  nischni^  of  Nitrogen  by  Urine  and  Fiocr 
Table  C. 
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Daily  Balance  of  Ingesta  and  Excreta. 
Experiments,  February  o  to  March  3,  1883. 

Table  D. 


Date. 

Nitrogen 
of  excreta. 

Nitrogen 
of  ingeata. 

Difference. 

Nitrogen 
of  excreta. 

Nitrogen 
of  ingesta. 

Difference. 

Feb. 

5 

18-33 

l7-64» 

-  0*69 

i       f 

6 

34 

-07 

85-28 

+   1*21 

)i 

7 

49 

26 

52-92 

+  8*66 

it 

8 

68 

•91 

70-57 

+   1-66 

»» 

9 

86 

•03 

88*21 

+  2*18 

>> 

10 

102 

'84 

105-85 

+  80X 

M 

11 

114 

22 

105 '85 

-  8*37 

tl 

12 

129 

92 

123-50 

-  6*42 

>f 

13 

145 

71 

141  14 

-  4*57 

>» 

14 

156 

30 

141 • 14 

-1516 

>• 

15 

165 

56 

141 • 14 

-24*42 

16 

182 

21 

158- 19 

-2402 

116*65 

17*05 

+  0*40 

U 

17 

197 

59 

172-43 

-25  16 

82*03 

81-29 

-  0-74 

)> 

18 

213 

65 

190-07 

-23-58 

48-09 

48-94 

+  0-86 

»» 

19 

227 

21 

207-71 

-19*50 

61*65 

66  7.3 

+   5-08 

>» 

20 

243 

80 

225*49 

-18*31 

78*24 

84-37 

+   6  13 

»l 

21 

258- 

90 

243  13 

-15-77 

93*35 

102  01 

+  8*66 

) 

1               " 

22 

273- 

11 

260*77 

-12*34 

107*56 

119  65 

+  12*09 

1 

i               '» 

23 

288 

72 

278  41 

-10*31 

123*16 

137*30 

+  14  14 

1 

1               >l 

24 

305- 

73 

296  05 

-  9*68 

140*17 

154*94 

+  14-77 

1 

25 

318- 

68 

813*69 

-  4*99 

153*12 

172*58 

4  19-46 

>> 

26 

336- 

62 

331-33 

-  5*29 

171*06 

190*23 

+  19-17 

)> 

27 

345- 

28 

331*33 

-13*95 

179*72 

190*28 

+ 10  51 

t» 

28 

360- 

46 

348*97 

-11*49 

194*90 

207*87 

+  12-97 

Mar. 

1 

372 

"82 

366*61 

-  6*21 

207*26 

225  51 

+ 18 -26 

»» 

2 

886 

94 

379  64 

-  7*30 

221  38 

238*54 

+ 17  16 

t» 

3 

402-78 

397*28 

-  6*50 

237*22 

£56  19 

+  18-97 

*  In  the  conBtruction  of  this  table  it  has  been  assumed  that  the  diet  February 
5th  to  February  15th  was  the  same  as  the  regulated  experimental  diet. 


I 


Mr.  W.  Nurlh.      The  I>,/uence  of 


Balance  of  P,Oj. 

ExperimentB,  Febraarj  5  to  March  3,  IS^S. 

Table  E^ 


H 


Dais. 

of 

PA 

of 
f>c». 

ToUU. 

Fabnuwy    G 

',1          7 '.'.'.'. '.'.'.'. 

8. 

9 

10 

11 

2-47 
3-14 
B32 
2W 
2  18 
2  66 
1-62 

2-31 

i-as 

1-92 

S'23 
830 

rn 

1-34 
I  78 
1-40 

1   « 

0  IW 
109 

6-70 

4'-14 
3  43 
3 '94 
S-93 
3 -96 
3-10 

3  w; 

S'74 
l'S3 

U 

15 

2*  02 

14-91 

38  ■03 

Febrimrf  Ifi 

17      

1« 

IB 

BO... 

il 

BB 

E3 

ai 

2B 

Ht. ....... 

„        27 

2" 

Wiavh         I 

2 

8 

2  37 
1'86 
1G3 
1-67 
1-70 
JBt 
1'90 
IM 
1-80 
1-40 
1-76 
116 
192 
1  1)3 

I'TS 

1-80 

1  37 

1-76 

0  M 

1  91 

i-im 

0-"8 
1-54 
1-16 

1'33 
2-06 

1-G7 

0-91 

0  80 

1  22 

3-74 

2-85 
3-30 
2-53 
.H-Bl 

2- HI 
3 -OS 
2  06 

2  73 

3  81 
1-Ifi 
3-59 
2-S3 
3-53 

3-oa 

27-49 

20'88 

48-37 
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Obserrationfl  of  PqIbb,  Tempemtnre,  RaBpiration,  and  Body- Weight 

Eiperiments,  February  12  to- March  3, 1883. 

Table  F. 


Bespiratio 


13!!.!! 

915 

3- 16 

9 

15 

1-80 

9 

16 

1 

9 

17 

2-30 

10 

19 

1 

11 

20 

3 

9 

21 

4 

10 



9 

23 

5-30 

10 

!1 

8-45 

25 

a -30 

27 

s 

10-30 

S3 

2-30 



9-30 

2 

10-ao 

3 

G 

97' 
97' 

97' 

131-00 

131  -75 

131  -62 

flfi' 

131  12 

97- 

130  ■«) 

97- 

133-25 

?«■ 

132-50 

97- 

133-75 

97- 

133>75 

97-' 

132-50 

97- 

13* -50 

96- 

134  00 

97 -i 

13&-00 

BC' 

134  50 

97- 

13fl-00 

97- 

134-75 

97- 

131-00 

ftfi' 

132-75 

133-25 

134  00 

97-. 

132-50 

97-7 

136-50 

134-25 

97-1 

130-25 

9M-I 

130-25 

98 -U 

130-25 
13a' 75 

97-S 

96-e 

*  Februa>7  15. — Temperature  token  fire  times  rery  cucfuliy. 
t  Februuj  16.-— Pulae  rerj  imgui^r. 
t  February  23.— After  running  300  yard*. 


Mr.  W.  North.     The  Infiumce  of 


Meaa  Body-Weight,  Pulse,  ReHpiration,  and  Tern peni tore.  ^ 

Experimeata,  Fabmar;  13  to  Marab  2,  1883. 

Tftbie  G. 


Date. 

Bodj. 
weight. 

PuIm. 

tore. 

L. 

S, 

h. 

8. 

PebruBrrlS 

14 

15 

IB- 

17 

IS 

19 

20 

.,           SI 

22 

„         SO 

,.         24 

25  it  26. 

::    £:::::: 

Murch      1&2... 

Iba. 

182-87 
131  87 
131 '60 
133-26 
133-26 
138-50 
134  SO 
13e-25 
184-87 

isa-oo 

184' 16 

132-50 
132-35 
13025 
131-50 

54 
64 
61 
62 

'•'. 

63-5 
53 

49  & 
52  B 
49 

tn 

54 
52 

62 
66 '5 

m 

56 
51 

48 

18 
12' 6 
14 
13 

13-6 
14  5 
18 

13-6 

12 

14 

13-5 
12 

U-6 
14 '6 
I4'5 
14 

14 

14-5 
16 

97-2 

ee  B 

97-0 

97 '85 
86 '70 
!K'85 
97' 3S 
96  95 

97-35 

97 -BO 

97-05 

Ardragei 

132-90 

52-6 

58-7 

13 

14-1 

97-03       1 

Division  I.  February  5iA  to  February  \6tk. 
The  nitrogen  of  the  urine  from  February  5th  to  February  10th 
incluaire,  presents  very  little  that  is  worthy  of  remark,  unleaa  it  be 
that  the  sixth  and  seventh  were  apparently  days  of  small  elimination, 
the  ninth  and  tenth  of  moderate,  and  the  eighth  one  of  oxcesRive 
discharge.  The  daily  average  from  February  5th  to  Febrnary  10th 
inclusive  was  li-O-l  gi'ama  ;  the  averages  of  the  experiments  of  1882 
were  as  follows:  — 

I.   1&-03  grama. 
II.  14-62      „ 
III.  14-58      „ 

^ving  an  average  for  the  three  experiments  of  14-74  grams,  showing 
I  think  that  my  assumption  that  the  diet  during  the  Ist  division  of 
the  1883  experiments  was  very  nearly  the  same  as  the  special  experi- 
mental diet,  is  justifiablo. 

On  February  11th,  a  day  of  fast,  the  discharge  by  the  nrine  was 
9-63  grams,  on  Febrnary  14th  !t'30  grams,  on  February  13th  9-26  grams, 
■in  Ft'bruaiy  27th  8-66  grama ;  also  days  of  abstinence  from  food. 
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It  is  curioos  to  observe  how  on  these  days  of  fast,  despite  different 
circumstances,  and  the  fact  that  the  fast  of  Febraary  15th  was  pre« 
ceded  by  a  fast  on  the  previous  day,  how  great  is  the  similarity  in 
the  daily  discharge,  for  again  on  July  5th,  1882,  a  day  of  fast  pre- 
vious to  commencing  an  experiment,  the  discharge  was  9*10  grams, 
and  on  July  17th,  at  the  conclusion  of  the  same  experiment,  9'46  g^ms 
were  discharged. 

This  gives  an  average  discharge  on  fast  days  of  9*23  grams  of  nitro- 
gen by  the  urine. 

Now  turning  to  the  table  showing  the  daily  balance  of  nitrogen  in 
the  food  and  excreta,  we  find  in  the  first  part  of  this  experiment  that 
assuming,  as  I  have  endeavoured  to  show  we  have  some  right  to 
assume,  that  the  daily  ingestion  of  nitrogen  was  practically  the  same 
as  during  the  experimental  diet,  it  will  be  seen  that  I  started  with 
a  deficit  of  0*69  gram,  which  became  a  balance  of  3*01  grams  on 
February  10th.  After  considerable  fluctuations  on  the  8th  and  9tb, 
the  fast  of  February  11th  reduced  the  balance  to  a  deficit  of  8*37  grams» 
that  is  to  say,  11*38  grams  were  removed  from  the  body,  and  it  is  a 
very  extraordinary  fact,  though  I  fear  accident  has  something  to  do 
with  it,  that  the  total  nitrogen  discharged  on  February  11th  by  urine 
and  fedces  amounted  to  11*38  grams  precisely.  Supposing  this  to  be 
a  fact,  and  not  a  mere  coincidence,  the  whole  of  the  nitrogen  excreted 
on  February  12th  should  be  nepresented  by  the  difference  between 
the  supposed  ingesta  and  this  deficit  of  11*38  grams,  that  is  to  say, 
6*26  grams  is  all  that  the  body  can  afford  4  but  this  is  not  the  case. 
In  this  case  as  in  other  instances  the  deficit  is  not  made  up  at  once, 
but  slowly ;  1*94  grams  were  retained  on  February  12th,  and 
1*85  gi'amson  February  13th,  thus  reducing  the  deficit  to  4*58  grams. 
On  February  14th  the  fasting  raised  it  again  to  15*16  grams,  and  the 
fast  of  February  15th  to  24*42  grams,  and  this  closes  the  first  period. 

Whatever  may  be  the  value  of  calculations  based  on  this  hypothesis 
of  similarity  of  nitrogenous  ingestion,  it  is,  I  think,  only  fair  to 
assume  that  there  was  a  deficit,  put  it  even  as  low  as  10  grams.  On 
February  15th  I  began  the  experimental  diet,  with  the  exception  of 
so  much  as  reduced  the  daily  ingestion  of  nitrogen  to  17*05  grams,  and 
despite  the  apparent  needs  of  the  body,  out  of  17*05  grams  taken  in, 
16*65  grams  were  discharged.  Again  on  February  17th  the  deficit 
reached  its  maximum  of  25*16  grams,  gradually  diminishing  up  to 
February  24th,  when  it  amounted  to  only  9*68  grams,  whilst  on 
February  25th  the  excretion  was  so  small,  that  the  deficit  fell  to 
4*99  grams,  to  be  increased  on  the  following  day  to  5*29  grams.  The 
fast  of  February  27th  brought  it  up  to  13*95  grams,  which  was 
reduced  on  March  1st  to  6*21  grams,  rose  again  to  7*30  grams  on  the 
2nd,  and  fell  to  5*50  grams  on  the  3rd,  the  concluding  day  of  the 
experiment. 


Q  the  Experiment)  Diet,  Febrtiary  16  to  March  2. 
erimenta,  February  16  to  March  2,  1883. 


D«le, 

Quantitj. 

Food. 

Nitropn. 

PA. 

H^O.. 

HaCL 

Feb,  le  . . 

grams. 
(iO 

PotBtO 

0-58G 

0'295 

0  133 

0-30G 

Omiuol 

„     17.. 

200 

Floiu- 

3 '408 

0-680 

0-033 

,.     20.. 

10 

Milk 

0'U7 

0'070 

O'OOS 

0-103 

Added 

Uu.   2  . . 

20 

JulUnn^ 

0'3M 

0-163 

0  088 

0  057 

1 

„        2.. 

30 

Meat 

4 -Wis 

0'667 

0-018 

0-051 

„       2,. 

20 

Polato 

0-192 

0'098 

ooai 

0  102 

J 

I  may  here  remarlE  that  the  total  nitrogen  vatae  of  the  food  omittW 
on  Fobmary  16th  and  17th.  and  oa  March  2Dd,  waa  8'60  ^^-auie  ;  exact 
parttcnlare  are  stated  in  the  table  already  given.  So  that  had  the  foil ' 
diet  beoa  taken  on  these  days  there  would  have  been  a  italanoe  of'' 
3'1  graniB  in  the  body,  or  rather  it  would  have  been  possible.  Daring  J 
the  whole  of  the  latter  part  of  this  experiment,  that  is  from  Pelv 
ruary  lOlli  ijnwanlH,  m\  KLnsitiou-*  W(  re  Kut^h  as  I  bare  leiirnc* 
associiilti  with  the  repair  of  ivastt,  and  it  would  have  been  esceedinglj 
interesting  to  have  continued  the  esperiment  yet  another  ten  ortwelvt 
days,  in  order  that  I  might  have  had  the  opportnnity  of  investigating 
the  effect  of  mnscnlar  labour,  or  of  starvation  npoa  my  body,  at  this 
time  presumably  in  a  state  of  nitrogenous  equilibrinm. 

I  do  not  feel  justitied  in  again  snbjecting  myself  to  prolonged  star- 
vation,  that  ia  to  say  starvation  extending  over  four  or  five  days;  bnt 
I  think  that  similar  results  can  be  obtained,  as  far  as  the  nitrogen  is 
concerned,  by  mere  trwonty-four  hours'  abstinence  from  food,  provided 
that  the  discharge  of  nitrrigen  has  been  observed  for  a  safiicientJy 
long  time  previously,  and  has  been  bo  regulated  that  we  can  witb 
some  degree  of  certainty  assume  that  there  is  a  deficiency  of  this 
readily  dischargeable  nitrogen  in  the  body.  That  there  wonld  b«  a 
considerable  discharge  of  nitrogen  there  can  be  no  donbt,  but  the 
source  of  it  could  hardly  be  the  same  as  in  the  well-  or  I  might  aay 
over-fed  body. 

It  is,  I  think,  a  somewhat  extraordinary  fact  that,  on  the  asaamp- 
tion  ive  have  made  that  the  nitrogenous  valae  of  the  diet  frmn 
February  6th  to  February  16th  was  about  the  same  as  the  expe- 
rimental diet,  with  a  deficit  of  1616  grams,  a  further  starvatioD 
of  twenty-four  hours  alionld  have  produced  almost  identically  the 
same  result  as  a  day's  starvation,  taken  haphazard  on  the  day  oa 
which  I  chose  to  begin  an  experiment,  snch  as  was  the  case  in  Expe- 
riment III  of  1882.  I  do  not  wish  to  invest  this  fig.  9  with  any 
:niiae  importauce ',  but  it  cert&mly  a^^ears  to  represent  some  definite 
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condition,  and  I  shall  not  be  satisfied  that  this  is  not  the  case  nntil  J 
have  examined  the  effect  of  living  for  several  days  on  a  diet  whose 
daily  nitrogenous  value  shall  be  only  9  grams,  the  other  consti- 
tuents remaining  as  i&r  as  possible  the  same.  I  should  expect  to  find 
that  twenty-four  hours'  starvation  wo  aid  result  in  a  discharge  of  a 
smaller  quantity  of  nitrogen,  say  5  grams,  which  might  be  found 
to  be  tolerably  constant  under  similar  conditions.  When  this  had 
been  determined,  two  or  three  days  of  a  non-nitrogenous  diet  would 
probably  suffice  to  indicate  approximately  the  daily  nitrogenous 
waste  of  the  body  from  other  sources  than  food.  We  have  no  infor- 
mation of  any  importance  as  to  the  minimum  of  nitrogen  required  by 
the  body  daily  in  order  to  maintain  it  in  health,  and  I  feel  sure  that 
experiments  on  the  plan  indicated  would  throw  considerable  light  on 
the  subject. 

Gonchtsion, 

The  results  which  have  been  now  put  on  record,  whilst  they  con- 
firm the  conclusions  of  Dr.  Parkes,  show  that  the  disturbance  pro- 
duced by  very  severe  labour  is  much  more  immediate  and  of  much 
greater  intensity  than  that  which  Dr.  Parkes  observed,  the  expla- 
nation obviously  being  that  in  his  experiments  the  exertion  imposed 
on  the  soldiers  who  were  made  the  subjects  was  inadequate. 

It  has  been  further  shown  that,  just  as  in  Dr.  Parkes'  experiment 
on  the  effect  of  privation  of  nitrogenous  food,  the  diminution  of  the 
nitrogen  stored  in  the  system  was  followed  by  retention,  i.e.,  by  a 
state  of  things  in  which  the  intake  was  greater  than  the  output ;  so 
after  the  disturbauce  of  the  nutrition  of  the  body,  which  is  produced 
by  severe  labour,  the  immediate  efEect  of  which  is  obviously  to  dimi- 
nish the  store  of  nitrogenous  material  in  the  system,  there  follows  a 
oorresponding  diminution  of  discharge,  so  that  the  result  is  the 
same,  namely,  that  in  Dr.  Parkes'  words,  "  an  insufficient  supply  at 
one  time  must  be  subsequently  compensated,"  whether  the  insuf- 
ficiency be  due  either  to  privation  or  to  exercise. 

A  third  result  of  importance  is  this :  that  this  storage  of  nitrogen 
is  the  expression  of  a  tendency  of  the  organism  to  economise  its 
resources,  which  is  much  more  constantly  operative  than  has  hitherto 
boen  supposed. 

Thus  it  appears  that  whenever  the  subject  of  experiment  was  put 
upon  the  regulated  experimental  diet,  without  the  imposition  of  more 
exercise  than  belongs  to  an  ordinary  active  life,  accumulation  took  place 
even  when  the  daily  supply  of  nitrogen  did  not  exceed  17*6  grams, 
an  amount  which  cannot  be  regarded  as  more  than  adequate  to  the 
normal  requirements  of  the  organism.  This  tendency  to  store 
nitrogen  is  therefore  a  normal  endowment  of  the  living  body,  and; 
if  so,  the  "retention"  which  follows  starvation  or  exercise  must  be 
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regarded  aa  &  mere  exaggeration  of  this  tendency,  and  not  ns  s  new 
process  which  is  set  ap  in  the  living  tisane  to  compensate  for  a  pre 
vioas  diatarbance. 

In  this,  as  in  other  respects,  it  is  obriona  that  the  knowledge  which 
has  been  gained  is  only  partial. 

If,  with  a  nitrogenons  income  of  17'6  gramB  per  diem,  acct 
latioD  takes  place  under  normal  conditions  of  life,  the  minii 
Bdeqnate  snpply  of  nitrogen  must  be  below  this.  We  have  no  m 
of  statin^  at  present  what  this  adequate  supply  is,  but  we  have 
reason  to  believe  that  it  would  be  found  to  difTer  materially  in 
ferent  individuals,  and  in  the  same  individaal  in  different  stal^fi  of 
health.  If  we  could  ascertain  to  what  point  the  supply  of  nitrogen 
in  any  individual  could  be  diminished,  without  drawing  upon  his 
store  of  nitrogenous  material,  we  should  have  in  this  result  a  perfectly  I 
reliable  chemical  criterion  of  what  may  be  termed  nutritive  vigour.       I 

No  attempt  has  hitherto  been  made  to  carry  out  such  observationi  ■ 
on  the  human  subject,  nor  do  any  experimental  data  exist  which  1 
woald  justify  even  a  goess  at  what  the  results  of  a  properly  contacted  J 
iuvestigalion  would  be.  H 

Wlitd  is  first  required  is  to  ascertain  for  how  long  and  in  what  ^ 
quantity  nitrogen  continues  to  be  stored  on  the  diet  already  men- 
tioned, the  period  of  observation  to  be  at  least  a  fortnight.  This 
having  been  accomplished,  the  next  step  would  be  to  repeat  the 
observation  with  diets  containing  less  nitrogen  than  the  amount 
above  stated,  but  otherwise  similar  to  it. 

We  should  then  be  in  a  position  to  inquire  how  far  the  increase  of 
nitrogenous  output,  which  baa  been  shown  to  be  the  immediate 
result  of  labour,  is  dependent  on  previous  storage,  and  whether,  in 
conditions  of  nutrition  whict  involve  absence  of  storage,  the  effect 
of  severe  labour  manifests  itself  in  an  increased  discharge,  and  finally 
whether  in  this  case  soch  work  can  be  nndergone  without  producing 
other  disturbances. 

A  collat«raI  inquiry,  which  is  scarcely  less  necessary  than  that 
which  ha«  just  been  indicated,  must  as  soon  as  possible  be  under- 
taken as  to  the  effect  of  vajying  the  relation  between  the  time  at 
which  food  is  taken  and  that  at  which  the  work  is  done. 

It  has  not  yet  been  possible  to  attempt  to  enter  on  this  inquiry, 
which  obviously  could  not  be  combined  with  any  other.  Its  imporl- 
auce  lies  in  this,  that  it  would,  if  successful,  afford  information  as 
to  the  question  whether  or  not  the  organism  is  capable  of  at  once 
applying  the  nitrogenous  material  of  food  to  meet  increased  ezpen- 
ditnre  determined  by  work. 

In  the  invesligations  hitherto  conducted  by  me  the  work  done  ha* 
consisted  exclusively  of  walking.  At  a  future  period  I  hope  to  sab- 
Btitaie  other  methods  of  labour,  the  employment  of  which  will  reader 
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(t  possible  to  vary,  as  may  be  expedient^  not  merely  the  amoant  of 
work  done  per  diem,  but  the  distribntion  of  the  work  in  time.  In  the 
realisation  of  this  purpose  I  anticipate  great  advantage  from  the  nse 
of  the  work  machine,  which  I  have  been  able  to  constmct  for  the 
purpose  of  my  inquiry  by  the  liberality  of  the  British  Association. 

In  conclusion,  I  wonld  draw  attention  to  the  results  relating  to  the 
influence  of  work  on  the  discharge  of  phosphates  and  sulphates  by 
the  urine. 

As  regards  phosphates,  it  has  been  shown  that  no  increase  occurs 
unless  the  exertion  is  very  severe.  As  regards  sulphates,  it  mani- 
fests itself  distinctly  in  many  cases,  the  output  of  sulphates  being  in 
general  terms  proportional  to  that  of  nitrogenous  matenal. 

It  is  a  matter  of  regret  that  the  total  sulphur  of  the  food  was  not 
estimated.  It  is  known  that  the  percentage  of  sulphates  contained 
in  the  food  was  insignificant  as  compared  with  that  excreted  in  the 
urine,  and  consequently  almost  all  of  the  discharge  must  have  been  a 
product  of  oxidation. 

I  beg,  in  conclusion,  to  state  that  the  expenses  of  the  present 
research,  which  have  been  extremely  heavy,  have  been  defrayed  by  a 
grant  of  the  British  Medical  Association.  I  desire  to  express  to 
the  Association  my  most  grateful  thanks. 
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The  Alteration  of  the  Electrical  Resistance  of  Cobalt  produced  by 

Longitudinal  Traction, 

In  a  previous  communication  to  the  Royal  Society,*  I  pointed  out 
that  whilst  with  iron  the  electrical  resistance  is  temporarily  increased 
by  temporary  longitudinal  traction,  that  of  nickel  is  decreased,  pro- 
vided the  stress  be  not  canied  beyond  a  certain  limit,  and  this,  too,  in 
spite  of  the  change  of  dimensions,  namely,  increase  of  length  and 
diminution  of  diameter,  which  follow  from  the  stress.  I  farther 
showedf  that  thei'e  is  a  marked  resemblance  between  the  table  of 
"  rotational  coefficients "  drawn  up  by  Professor  Hall  and  that  laid 
down   by  myself  from  the  results  of  experiments   on   the   effect   of 

•  "  Phil.  Trans.,"  toI.  174,  p.  58. 
t  Loc.  cit.y  p.  168. 
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nutcbaoical  strosB  on  tlie  specific  electrical  resistauce  of  melnls.  k 
comparison  of  the  two  tablce  shows,  that  with  the  oxi^cptioii  of  pUti' 
nam  the  metals  stand  in  nearly  the  same  order  in  both,  anil  that  iron 
and  nickel  are  very  conspiououa,  the  former  at  the  top  and  the  latt«r 
at  the  bottom,  of  both  lists. 

Mr.  Shelford  Bidweil  has  also  bron^ht  forward*  very  sti'OQg  evi- 
deuce  in  favour  of  bis  assertion,  that  the  "  Hall  cfiect "  can  be  e&. 
plained  by  the  joint  action  of  mechanical  strain  and  certain  "  P«ltier 
effects,"  and  baa  shown  that  those  metals  in  which  the  "  Hall  effect"' 
is  positive  are  rendered  by  temporary  traction  thermo-electrically 
negative  to  pieces  of  the  same  metal  nnstretched.  It  seemed,  then, 
a  matter  of  considerable  interest  to  ascertain  whether  cobalt  would 
act  like  iron  or  nickel  as  far  aa  the  effect  of  stress  on  the  electrical 
resistance  is  concerned,  and  Lendeavoored — for  some  time  in  vain — 
to  obtain  either  wires  or  strips  of  cobalt  saitable  for  the  purpose  in 
view.  At  length,  through  the  courtesy  of  Mr.  Wiggin,  jon.,  Birming- 
ham, I  round  myself  in  possession  of  two  atripsfof  coball,  upon  wluoll 
1  was  able  to  make  the  necessaiy  enpeiiments. 

Fffiiminary  "DeterimnatioTi  of  the  Vahie  of  "  Toung't  ModMltU," 

P™,,V;,,  i-,. 

The  len^h  of  each  strip  was  5S'i  cm.,  and  the  thickness  and  width 

of  one  of  them,  when  ganged  at  ten  places  at  equal  distances  apart, 

were  as  follows  : — 


Number  ot 

Thickneis  in 

Width  in 

Section  in  sqiure 

ob«eiT»lion. 

centimetre.. 

centimelree. 

I 

0  0864 

0-7091 

0 -061^7 

O'OsrO 

0'7076 

0 

OGlSfi 

a 

0  11851 

0-7131 

0 

06069 

■i 

0  ■<jHbH 

0-7104 

0 

1)6095 

5 

O'0S57 

0-728S 

0 

06241 

0  ■081S 

0-7250 

0 

06148 

7 

O'085O 

0-732e 

0 

06227 

8 

0  08»9 

0  7657 

0 

06116 

ii 

0-0S46 

0-7556 

0 

D6392 

10 

0  0854 

0  7474 

0  0638a          1 

0' 08547 

0-72847 

O-IWtSSK             \ 

1 

The  strip  was  therefore  fairly  uniform  in  section  througho-ut,  the 
mean  valae  of  the  section  as  determined  by  the  gauge  being  0-06226 
square  centimetre. 

•  "  Phil.  Mae„"  April  1884,  p.  249. 

-f-  Mr.  Wiggin  informed  me  that  he  found  It  impouible  to  dr*ir  wirtt  of  cobalt, 
u  the  metal  wu  so  hard  that  it  dentrojed  the  tools  with  which  it  «■•  brought  into 
pontBcl.  Heaars.  Johnson  and  Matlhey  were  also  good  enough  to  attempt  to  draw 
for  lae  fires  of  cobull,  but  the;  too  failed  tlirough  a  tike  cause. 
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The  density  of  the  metal  was  determined  by  means  of  a  specific 
gravity  flask,  some  pieces  having  been  previously  broken  off  for  the 
purpose,  and  was  fonnd  to  be  8*231  at  a  temperatnre  of  16*  C.  The 
same  pieces  were  well  annealed,  and  the  density  at  16°  G.  was  then 
fonnd  to  be  8*259.  The  mean  section  as  determined  from  the  mass  of 
the  strip  29*65  grams,  the  length,  and  the  density,  was  for  the  nnan- 
nealed  metal  0*06168  square  centimetre,  and  this  value,  agreeing  as 
it  did  fairly  with  that  got  by  gauging,  was  assumed  to  be  correct. 

The  modulus  of  longitudinal  elasticity  was  determined  by  holding 
the  strip  in  the  centre  and  rubbing  it  along  its  length  with  a  resined 
glove.  The  note  obtained  was  very  high  in  pitch,  but  the  results  of 
the  measurements  of  the  number  of  vibrations  obtained  by  the  use  of 
the  syren  agreed  very  well  with  each  other.* 

Espperitnent  I, 

The  lower  double  octave  obtained  by  rubbing  the  strip  longitudi- 
nally was  taken  on  a  monochord ;  the  syren  was  then  raised  to  the 
pitch  of  the  monochord,  and  the  number  of  vibrations  counted  for 
two  minutes  at  a  time. 


Number  of 
trial. 

Number  of  vibrations  recorded 
by  the  sjren  in  two  minutes. 

1 
2 
3 

6286x20 
6273  .  .  . 
0273  .  .  . 

Af eftn  ..••....!. 

6277x20 

In  this  experiment  the  monochord  was  retuned  twice,  and  it  will  be 
observed  that  the  mean  value  does  not  differ  from  any  of  those  forming 
it  by  so  much  as  0*15  per  cent.  From  these  last  observations  the  value 
of  '*  Young's  modalus  "  for  the  unannealed  cobalt  was  ascertained  to  be 
2005  X  10*  grams  per  square  centimetre.  The  same  strip  was  then 
well  annealed,  and  three  results,  equally  as  concordant  as  the  last, 
were  obtained  when  the  strip  was  thrown  into  longitudinal  vibrations. 
The  value  of  '*  Young's  modalus  "  of  the  metal  in  the  annealed  con* 
dition  was  1817  X  10*  grams  per  square  centimetre. 

Arrangement  of  the  CohaU  Strips  for  Observation  on  the  Alteration  of 
Resistance  produced  hy  Longitudinal  Traction, 

The  two  strips  (see  ^g.  1)  in  the  first  instance  in  the  unannealed  con- 

*  I  have  again  to  thank  Mr.  Furse,  of  King's  College,  for  his  assistance  here. 
VOL.  XXXIX.  ^  ^ 
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ditton,  paseing  through  two  apertures  in  a  table,  were  secured  at  their 
upper  extremities  to  two  clamps,  A,  and  the  lower  extremity  of  the 
one  to  be  stretched  was  fastened  to  the  clamp  B,  over  which  passed 
the  double  hook  S,  connected  with  a  stout  lever  of  hard  wood.  A 
scale-pan  weighing  2  kilos,  was  suspended  at  the  end  of  the  lever, 
and  by  loading  and  unloading  this  very  carefnlly  the  strip  was  sub- 
jected to  any  required  alteration  of  stress.  Short  pieces  of  insulated 
copper  wire  were  soldered  to  each  strip  at  D,  and  the  junction,  C,  of 
these  pieces  was  united  with  one  terminal  of  the  galvanometer.  Two 
other  pairs  of  similar  wiree  were  soldered  at  K,  and  one  of  each  pair 
wa.s  connected  as  usual  with  resistance  coils,  and  the  other  with  one 
pole  of  a  single  Leclanche  cell.  The  two  sets  of  resistance  coils,  which 
in  this  case  were  about  10  ohms  each,  were  united  by  a  platinum- 
iridiura  wire  traversed  by  a  sliding-piece  connected  with  the  other 
terminal  of  the  galvanometer.  The  mode  of  experimenting  was  pre- 
cisely the  same,  and  the  same  precautions  were  taken  as  in  the  earlier 
experiments,* 

When  the  strip  had  been  sufficiently  tested  in  the  unannealed  con- 
dition it  was  well  annealed,  and  in  this  new  condition  again  experi- 
mented on;  but  whei-ess  before  the  stress  used  was  not  Bufficient  to 
cause  any  permanent  elongation,  the  strip  was  now  permanently 
lengthened  and  the  permanent  alteration  of  resistance  thus  cansed 
was  measured  as  well  as  the  temporary  alteration.  The  following 
experiment  was  made  on  the  annealed  metal  when  stressed  for  the  first 
time  after  the  annealing. 

•  Loe.  ci(.,  p.  45  and  p,  64. 
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In  this  experiment  the  nnmberH  given  for  the  load  represent  thff 
nnmberof  kilograms  on  the  end  of  the  lever,*  and,  when  mnltiplied  by 
4908,  will  reprBBent  the  actual  stress  on  the  strip.  After  a  rest  of  two 
days  with  all  the  stress  off,  except  that  produced  by  the  weight  of  the 
lever  itself,t  the  rosistance  had  decreased,  eo  that  the  sliding-piec© 
had  to  be  shifted  from  41  divisions  to  the  right  of  the  eeto-point  t*> 
46  to  the  left,  or  through  86  divisions ;  so  that  the  total  permanent 
increase  of  refliBtance  was  now  represented  by  87  divisioos  instead  of 
173  divifilons.  The  strip  was  now  tested  again  with  the  fallowing 
resnlte : — 
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t  TbiB  waa  ucarlj  equal  to  a  load  of  1  kilo,  on  the  end  of  the  lever. 
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20  kilos,  were  now  put  on  the  lever  and  taken  off  again  six  times 
in  succession. 
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Bemarks  on  Experiments  II  and  III, 

From  the  third  column  of  Experiment  II  may  be  gathered  that  the 
resistance  of  the  cobalt  decreases  up  to  a  certain  degree  of  loading,  and 
then  begins  to  increase.  The  maximum  decrease  becomes  less  and 
less,  at  first  rapidly,  and  then  more  slowly  as  the  permanent  strain 
due  to  the  loading  becomes  greater  and  greater  until  a  load  of  18 
kilos.*  had  been  employed.  The  point  of  loading  at  which  the 
maximum  decrease  occurs  becomes  higher  and  higher,  gradually 
increasing  from  8  kilos,  to  about  13  kilos. 

*  This  does  not  include  the  stress  due  to  the  weight  of  the  lerer. 
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The  sixth  column  bIiowb  that  the  lemporanj  alteration  oE  reBistance 
IB  of  the  nature  of  a  decrease,  but  the  decrease  becomes  leas  and  leas 
MB  the  permaacnt  Btrain  increnseB,  at  first  rapidlj,  and  afterwards 
more  elowiy,  notil  ths  load  of  18  kiloB.  has  produced  its  permanent 
affect.  Moreover,  we  learn  from  thia  colnmn  that  when  a  load  of 
12  kilos,  had  been  employed  the  teraporwy  effect  per  kilogrHm  is 
always  greater  for  the  highest  load  than  for  the  smaller  ones,  so  that 
for  the  loads  16,  18,  and  20  kilos.,  when  employed  for  the  fir»t  ti'mc,  we 
get  abont  twice  the  temporary  decrease  per  kilogram  which  is  obtained 
with  the  loads  2  and  4  kilos.  Experiment  III,  however,  teaches  qm 
that  ultimately,  when  all  the  loads  have  been  applied  a  great  nuinber 
of  times,lke  temporary  decrease  I'a  exactly  proptrrlioital  to  the  load  in  tbo 
case  of  the  loads  4,  8,  12,  16,  and  20  kilos.,  nor  is  there  any  sign,  rs 
vas  the  case  with  nickel,  that  tbe  decrease  of  resistance  would 
oltimately  be  changed  to  increase  when  the  stress  was  increased 
beyond  a  certain  limit.  Tfae  greatest  total  stress  on  the  strip, 
ioclnding  that  cansed  by  the  weight  of  the  lover  itself,  was  1860  kilos. 
per  sqnare  centimetre,  whereas  with  nickel  the  point  of  loadingwhere 
\  the  above-mentioned  limit  was  reaohed,  was  aboat  1500  kilos,  per 
aqunre  centimetre."  It  would  Becm  probnble  thnt  there  is  a  limiting 
Htress  beyond  which,  as  in  nickel,  the  resistance  begins  to  increase 
with  the  load,  but  it  is  evident  from  what  has  been  said  that  thin 
limiting  stress  is  much  higher  for  cobalt  than  nickel. 

From  the  last  values  reooi'ded  in  the  sixth  colnmn  of  Experiment 
III  it  was  calculated  that  the  decrease  of  resistance  per  unit  produced 
bj  a  stress  of  1  gram  per  square  centimetre  at  the  temperature 
of  16°  C.  is  386-8  X  10-'^.  The  ratio  of  the  decrease  of  resistance 
per  unit  to  the  increase  of  length  per  nnitt  is  0-703,  and,  if  we 
assume  the  ratio  of  lateral  contraction  to  linear  elongation  to  bo 
0'250,  the  ratio  of  the  decrease  of  specific  resistance  per  unit  to  the 
increase  of  length  per  unit  of  the  stress  is  2-203.  All  the  valnea 
Just  given  are  much  less  than  the  corresponding  ones  in  the  case  of 

With  the  cobalt  in  the  nnannealed  state  temporary  traction  also 
produced  decrease  of  resistance,  but,  as  might  be  expected  from  what 
lias  been  said  above  with  reference  to  the  eSect  of  permanent  strain, 
the  amount  of  decrease  per  unit  was  less  than  with  the  anneale<:l 
metal-t     The  decrease  of  resistance  per  nnit  produced  by  a  stress  of 

'  Xoo.  cil.,  p.  60,  vbere  the  streanea  given  should  be  iucreiMed  by  that  caused 
b;  the  veiglit  of  the  ecalc'paa  if  the  total  streae  on  the  wire  is,  ei  in  this  case, 
required. 

t  :  — ,  where  R  is  the  resistance  and  AR  is  the  decrease  of  rcBist&Dce  wbicb 

resulte  when  the  length,  I,  w  increMed  to  i  +  A/. 

J  Notice  the  aimilarity  in  this  respect  between  coball  and  nickel.  Loc.  rit.. 
p.  61. 
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1  gram  per  square  centimetre  was  for  the  unannealed  cobalt 
242'3xl0~^^.  The  ratio  of  the  decrease  of  resistance  per  unit  to 
the  increase  of  length  per  nnit  is  0'486,  and  the  corresponding  ratio 
in  the  case  of  specific  resistance  is  I '986. 

Not  only  is  cobalt  remarkable  for  having,  like  nickel,  its  resistance 
decreased  bj  longitudinal  traction,  in  spite  of  the  increase  of  length 
and  dimination  of  section  which  is  caused  bj  the  stress,  but  it  also 
presents  a  peculiarity  not  seen  in  nickel  or  indeed  in  any  of  the 
other  metals  hitherto  examined,  namely,  the  extreme  persistence  with 
which  the  same  load  when  applied  again  and  again  continues  to 
produce  permanent  increase  of  resistance.  With  few  metals  is  this 
persistence  anything  like  so  noticeable  with  such  stresses  per  square 
centimetre  as  have  been  here  employed,  for  we  may  observe  from  the 
last  two  experiments  that  though  a  load  of  22  kilos,  had  been  twice 
used  on  the  lever,  and  afterwards  a  long  rest  given  to  the  strip, 
20  kilos.,  after  having  been  put  on  and  taken  ofE  fifteen  times,  still 
continued  to  produce  permanent  increase  of  resistance.*  Even 
16  kilos,  continued  to  produce  a  permanent  effect,  so  that  it  would  be 
only  after  a  very  large  number  of  loadings  and  uuloadings  that  the 
increase  of  resistance  on  taking  ofE  the  load  would  be  equal  to  the 
decrease  of  resistance  on  putting  on  the  load.  The  permanent 
increase  of  resistance  caused  by  the  above-mentioned  loads  also  was 
greater  the  longer  the  time  during  which  the  stress  was  maintained.! 

The  Effect  of  Permanent  Longitudinal  Extension  on  the  Specific 

Resistance  of  Cobalt, 

We  have  seen  that  cobalt  behaves  like  nickel  as  far  as  the  effect  on 
the  specific  resistance  of  temporary  longitudinal  stress  is  concerned, 
and  that  both  iron  and  nickel^  are  decreased  in  specific  resistance  by 
moderate  longitudinal  strain.  This  it  appears  is  the  case  with  cobalt 
also.  The  distance  between  the  points  where  the  copper  wires  at  the 
upper  and  lower  extremities  of  the  cobalt  strip  were  soldered, 
was  before  stretching  49*8  cm.  and  after  the  stretching  50  cm. 
The  specific  resistance  before  the  stretching  was  2289x10"^,  and 
after  the  stretching  2231  x  10'*^,  so  that  there  was  a  decrease  of 
specific  resistance  of  2*6  per  cent,  for  a  permanent  lengthening  of 
1*8  per  cent.  The  permanent  decrease  of  specific  resistance  per  unit 
divided  by  the  permanent  increase  of  length  per  unit,  is  for  iron 
0*02,   for  cobalt   1*44,   and  for  nickel  2*37 ;  so  that  the  permanent 

*  This  was  afterwards  found  to  be  the  case  when  the  same  load  had  been  put  on 
and  taken  off  some  fifteen  times  more. 

t  This  '*  running  down  "  is  also  explained  ¥rith  other  metals,  but  not  to  the  same 
extent,  as  regards  persistency  with  such  comparatiyely  small  stresses  per  iquare 
centimetre. 

X  Loc,  cit,  p.  100. 
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decrense  of  specific  resistance  as  well  as  tlie  temporary  decrease  i^ 
gr&B.iat  with  nickel  thttn  with  cobalt. 

[  The  Effect  of  Longitudinal  Traction  and  of  LongiUidinaZ  Magnetisation 
I  on  the  Themto-eleofric  pTopertiea  of  Cobalt. 

I       It  will  bo  seen  that  contrary  to  the  expectation  of  myself,  who  had 
I  ref^ard   to   the   relationship   which    apparently    exists    between    the 
"rotational  eoeflieient "  of  Hall  and  the  alteration  of  specific  resiS' 
tance  cansed  by  traction,  cobalt  behaves  like  nickel  and  not  like  iron. 
I  now,  therefore,  tamed  to  examine  the  effect  of  ti-action  on  the 
thermo-electric  properties  of  the  metal,   for  the  parpoae  of    ascer- 
taining whether  the  strip  wonld  act  in  respect  to  these  properties 
like  iron  or  nickel.     According  to  Bidwell"  cohalt  acts  like  iron,  bnt 
it  appears  that  this  experimenter  did  not  subject  his  bar  of  cobalt  to 
traotion  bnt  to  torsion,  and  finding  thitt  copper  nnder  torsion  behaved 
similarly  to  copper  under  longitudinal  traction,  assumed  that  cobalt 
I  would  do  BO  likewise.     The  above-mentioned  assumption  is  hardly,  I 
I    think,  justifiable,  and  the  following  experiments  show  that  cobalt  is 
I  kltered  by  traction  in  a  manner  aimilar  to  nickel,  provided  the  metalt 
are  not  at  the  same,  time  under  the  m/upitfv  of  any  viaffnetieing  stress. 

Experinient  JV. 
The  two  strips  of  cobalt  in  the  unannealed  condition  were  clamped 
together  attbeir  centres,  the  clump  projecting  to  a  distance  of  about 
3  inches  from  and  at  right  angles  to  the  strips.  One  of  the  strips 
could  be  stretched  as  before  by  means  of  the  lever,  and  insulated 
copper  wire  soldered  near  the  lower  extremities  of  the  two  strips 
served  to  connect  them  with  the  galvanometer.  The  clamp  was  then 
heated  at  the  extremity  furthest  away  from  the  strips,  and  the  heat 
conducted  along  the  clamp  to  the  strips  was  such  that  in  a  short  time 
a  temperature,  as  judged  roughly  by  the  touch  of  about  60°  C,  was 
attained,  stress  of  moderate  amount  was  then  put  upon  the  lever,  and 
this  caused  a  current  from  stretched  to  unstretched  through  the 
heated  junction :  consequently  stretched  cobalt  is  thermo-eiectrieally 
positive  to  unstretched  cobalt.  As  soon  as  the  needle  of  the  galvano- 
meter was  fairly  steady,  the  stress  was  removed  and  a  deflection  in 
the  opposite  direction  ensued.  The  tempoi-ary  stretching  and  on- 
stretching  were  repeated  several  times,  bat  always  with  the  same 
result  as  regards  the  direction  of  the  deflection.  The  unannealed 
cobalt  therefore  under  mechanical  stress  behaves  thermo-electrically 
like  nickel. t 

•  ■'  Phil.  Mag.,"  April  1884,  p.  261. 

t  Id  tliia  eiporimeot  the  strips  were  under  the  inSuence  of  the  euth's  vertical 
magnetic  etressi  but  this  last  is  so  much  smaller  tlian  that  due  to  the  helix,  that  I 
liaTe  not  deemed  it  necesaarj  to  tslct^  it  into  account. 
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Experiment  V. 

The  strips  were  now  dismounted  and  the  same  one  as  had  been 
used  before  was  placed  in  the  axis  of  a  magnetising  helix,*  especially 
designed  to  prevent  the  heat  of  the  helix  from  reaching  the  metal  to 
be  magnetised.  The  two  ends  of  the  strip,  which  projected  about 
8  inches  from  either  end  of  the  helix,  were  connected  with  the  galvano- 
meter, and  the  clamp  before  used  was  now  at  one  end  of  the  helix  and 
just  outside.  The  temperature  was  raised  to  about  60°  C,  and  as 
soon  as  the  galvanometer  needle  had  become  fairly  steady  the  helix 
was  excited  by  a  single  Leclanche  cell.f  A  deflection  of  the  galvano- 
meter needle  at  once  indicated  a  current  from  unmagnetised  cobalt  to 
magnetised  cobalt  through  the  hot  junction,  and  proved  that  Umgi- 
tttdtnally  magnetised  cobalt  is  negative  to  unm,agnetised  cobalt.  The 
unannealed  cobalt,  therefore,  under  magnetic  stress,  behayes  thermo- 
electrically  in  a  manner  similar  to  iron.  The  helix  in  this  experi- 
ment was  too  far  from  the  galvanometer  to  affect  the  latter  directly, 
and  a  reversal  of  the  magnetising  current  produced  a  thermo-electric 
current  in  the  same  direction  as  before.  The  magnetising  force  was 
in  this  case  equal  to  4«- x 906 x 0478 x C  in  absolute  units,  where  C 
expresses  the  magnetising  current  in  absolute  units.  The  electro- 
motive force  of  the  cell  was  1'5  volts  very  nearly,  and  the  resistance 

1*5  X 10® 
in  circuit  1*8  ohms,  consequently  the  value  of  C  would  be  -^70 — Trfi 

absolute  units,  and  the  magnetising  force  43*9  absolute  units. 

This  last  result  has  an  important  bearing  on  the  question  whether 
Bidwell's  explanation  of  Hall's  phenomenon  is  correct,  because, 
though  unmagnetised  cobalt  is  certainly  rendered  thermo-electrically 
positive  by  longitudinal  mechanical  stress,  the  case  may  be  different 
when  the  metal  is  magnetised,  as  in  Hall's  experiment.} 

Nor  indeed  would  it  be  safe  to  assume,  without  further  experiment, 
that  mechanical  stress  will  produce  the  same  effect  either  in  nature 
or  amount  on  the  electrical  resistance!  or  on  the  thermo-electric  pro- 
perties of  magnetised  iron,  nickel,  and  cobalt,  as  it  does  on  the  same 
metals  when  not  under  the  influence  of  magnetic  stress. 

Experim>ent  VL 

The  strip  of  cobalt  used  in  Experiments  lY  and  Y  having  been 
annealed,  was  tested  as  before  for  the  effect  of  mechanical  stress  on 

*  For  a  description  of  this  helix,  designated  as  "  the  coil  B/'  see  loc,  cit.,  p.  136. 

t  One  of  the  more  recent  kind,  and  which  gires  a  fairlj  constant  current. 

X  See  Sir  W.  Thomson's  paper  on  **  The  Effects  of  Stress  on  the  Magnetisation 
of  Iron,  Nickel,  and  Cobalt,"  "  PhU.  Trans.,"  vol.  170,  1879. 

§  I  maj  not,  therefore,  be  right  in  mj  conjecture  (see  **  Note  on  Hall's  Pheno- 
menon," *'  PhU.  Mag.,"  Maj  1884,  p.  402)  that  in  all  probability  the  <*  UaU 
effect"  on  nickel  will  be  diminished  bj  raising  the  temperature  to  100^ C. 
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the  theFmo< electric  properties  of  the  metal.  The  heating  whs,  bow- 
ever,  in  thJB  case  accomplished  bj  means  of  an  air-chamber,  consiBt- 
ing  of  two  concentric  brass  cylindei's  with  a  layer  of  water  between 
them.  The  strips  wei-e  placed,  clamped  together  at  their  centres,  Jnj 
the  axis  of  tht-  chamber,  the  two  oitremitiee  of  each  projecting  aboal' 
8  inches  from  either  end  of  the  chamber;  a  thermometer  was  als(i<' 
placed  with  its  balb  in  the  centre  of  the  latter,  and  the  temperature 
in  the  first  instance  raised  to  10U°  C.  When  the  needle  of  tbfl ' 
galvanometer  waa  at  rest,  a  load  of  U  kilos,  was  pat  on  the  level',  and 
after  a  epace  of  2  minutes  had  elapsed  a  deflection  of  three  divisions 
of  the  scale  resulted.  Tliis  deflection  again  showed  the  stretged  metal 
to  be  jioaitiae  tu  the  unstrelcJted,  and  on  the  removal  of  the  load  the 
needle  came  back  again  to  nearly  its  old  position.  Trials  were  made 
with  several  loads  from  2  to  8  kilos.,  and  always  with  the  samo  result 
as  regai'ds  the  nature  of  the  effect;  the  mean  value  of  the  deflection 
per  kilo,  being  as  nearly  as  could  bo  judged  0'3r5  division  of  the 
scale.  The  electromotive  force  developed  by  the  highest  load  was 
found  to  be  0"4'29  microvolt,  and  the  electromotive  force  which  would 
be  produced  by  a  stress  of  1  gram  per  square  centimetre  would  ha 
659  X  U)-"  microvolts,  the  tempcratnre  of  oni:  junction  being  at  100"  C. 
and  of  the  other  about  16°  C.  The  chamber  was  next  permitted  to 
cool  down,  first  to  60°  C,  and  afterwards  to  42°  C,  and  at  both  these 
temperatures  the  effect  of  the  stress  was  fonnd  to  be  in  the  same 
direction  aa  before,  and  though  no  attempt  was  made  to  measure  the 
actual  deflection,  thia  waa  evidently  diminished  with  the  temperature. 
Finally,  it  should  be  added  that  both  in  this  experiment  and  in  the 
two  previous  ones,  the  extremities  of  the  strips  and  the  clamps  at  the 
ends  of  the  stressed  strip  were  all  well  shielded  from  the  source  of 
heat.  Jt  would  seem  then  that  we  have  good  reason  for  concluding 
that  for  any  temperature  between  16°  C.  and  100°  C,  cobalt,  whether 
in  the  annealed  or  unannealed  condition,  is  rendered  by  traction 
thermo-electric  ally  positive  to  unstretched  cobalt.* 

The  Effect  of  Excessive  Loading  on  the  Eleclrlail  Rii'islance  of  Hard 

Piaiio-sleel. 

Experiment  VII. 

I  have  already  ebownt   that  for  moderate  amounts  of  stress  the 

effect  on  the  electrical  resistance  of  piano-sfeel  is  of  the  same  nature 

aa  the  effect  on  iron,  but,  as  according  to  Mr.  H.  Johnson, J  the 

■  Ab  I  thought  that  want  of  purit;  might  influence  the  result,  Mr.  J.  M.  Thom- 
son of  King's  College  kindlj  mode  an  analysis  of  two  small  piece*  of  the  melal.  and 
iofonned  me  that  tliej  contained  more  than  08  p«r  cent,  of  cobalt,  no  trace  of  nickel, 
and  baretji  a  trace  of  iron. 

t  Loe.  ca. 

X  "  The  Electrician,"  Maj  17Ui,  18S4. 
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specific  resistance  of  hard  piano-steel  wire  is  temporarily  diminished 
by  very  considerable  longitudinal  traction,  I  arranged  a  pair  of  hard 
piano-steel  wires  in  the  same  manner  as  the  nickel  wires,  of  which 
already  mention  has  been  made,  and  proceeded  to  test  one  of  them  in 
the  nsnal  manner,  expecting  that  whilst  moderate  stress  would 
increase  the  specific  resistance,  excessive  stress  would  diminish  it> 
The  loading  was  accomplished  by  means  of  the  lever  before  used,  and 
the  results  are  given  below  : — 


Permanent 

load  on  the 

leTer  in  kilos. 

Temporary 
load  in  kilos. 

Increase  of  resistance 
produced  bj  loading 

in  diyisions  of  the 
platino-iridium  wire. 

Increase  of 

resistance  per 

kilo,  on  the 

lever. 

!• 
1 
7 
18 

4 
6 
6 
6 

160 
242 
240 
242 

40*00 
40*33 
40*00 
40*33 

Mean 

40*17 

It  will  be  seen  that  the  increase  of  resistance  produced  by  the  load* 
ing  is  proportional  to  the  load  throughout.  The  diameter  of  the  wir& 
was  0*08246  cm.,  and  the  greatest  total  load  on  the  wire  was  equal  to 
102  kilos.,  or  2  cwts.  The  greatest  stress  per  square  centimetre  was 
above  19,000  kilos.,  and  only  a  little  short  of  the  breaking  stress. 
From  the  above  results  was  deduced  that  the  increase  of  resistance 
per  unit  produced  by  a  stress  of  1  gram  per  square  centimetre,  was 
1620  X  10"^^,  and  this  number  so  nearly  agrees  with  those  obtained  for 
the  previously  used  specimens  of  piano-steel,  that  it  was  not  con- 
sidered necessary  to  determine  the  value  of  "  Young's  modulus  "  and 
of  the  simple  rigidity,  in  order  to  prove  that,  as  in  soft  iron,  the 
specific  resistance  is  increased^  not  only  when  moderate  stresses  are 
employed  hut  also  for  stresses  close  to  the  breaking  load,^  This  last 
experiment,  however,  confirms  the  fact  mentioned  in  an  earlier  paper, J. 
that  the  electrical  resistance  of  steel  is  less  increased  than  that  of 
iron,  not  only  per  gram  stress  on  the  square  centimetre,  but  also  per 
unit  increase  of  length. 


*  This  is  the  load  due  to  the  weight  of  the  lever  itself. 

t  I  afterwards  found  that  Mr.  Johnson  must  have  miscalculated  the  amount  of 
temporary  lengthening  produced  by  the  load  used  by  him,  as  he  gives  it  as  8  per 
cent.,  though  the  wire  was  not  loaded  beyond  the  limits  of  elasticity.  This  last^is 
an  impossible  result,  as  the  greatest  tensile  strength  of  any  piano-wire  does  not- 
admit  of  a  temporary  elongation  of  more  than  1*6  per  cent,  without  breaking. 
"  Proo.  Roy.  Soo.,"  vol.  26,  p.  401. 
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The  Effect  of  Longiiudinal  Traction  on  Ike  Ehctrioal  Besiglance  of 

Cobalt  and  dicIcbI  have  been  found  to  decrease  in  reaistatioe  wbeo 
subjected  to  moderate  longitudinal  traction,  nor  does  it  appear*  that 
this  abnormal  behaviour  is  in  any  way  connected  with  the  magnetic 
properties  of  these  metals.  Nevertheless,  it  seemed  desirable  to  find. 
if  possible,  some  metal  which,  posseaaing  moch  feebler  magnetic  pro- 
perties, would  exhibit  similar  conduct.  Now,  judging  from  the 
apparent  relationship  between  the  altei'ation  of  specific  resiatanoe 
produced  by  traction  and  the  "  Hall  effect,"  that  magneatum  might 
bo  found  to  bo  such  a  metal,  I  obtained  from  Messrs.  Matthey  and 
Johnson  about  60  feet  of  magnesium  wire,  and  examined  it  with  the 
above- mentioned  object  in  view.  ' 

FreliminaTy  DuterminatioM  of  the  Valite  of"  Young's  Modtdut,"  I 

Simple  Eigiditij,  Dejieitij,  ^-c.  ij 

"  Young's  modttltts  "  waa,  in  the  first  instance,  determined  by  tbe  ] 
method  of  longitadinal  vibrations,  a  length  of  550  cm.  being  under  I 
examination.  The  wire  wua  stretched  on  a  Jonj"  wooden  box,  and 
precantiona  taken  which  will  be  fully  described  in  a  future  com- 
munication to  the  Society,  to  avoid  certain  soarces  of  error  incidental 
to  this  method.  The  resalta  obtained  with  the  syren  were  qnite  as 
accordant  with  each  other  as  those  got  with  the  cobalt  strip,  and 
from  these  and  the  value  of  the  density  obtained  in  the  manner  pre- 
sently to  be  described,  was  deduced  a  vaioe  of  "Young's  modulus''  of 
437-3  X  10*  grama  per  square  centimetre. 

The  simple  rigidity  of  the  wire  was  determined  by  the  method  of 
torsional  vibrations  in  the  manner  described  in  a  former  portion  of 
this  memoir,t  and  proved  to  be  1723  x  10*  grams  per  square  centi- 
metre. 

Some  little  difBcnlty  was  experienced  in  finding  the  density  of  the 
magnesium,  as  when  the  wire  waa  immersed  in  water  a  very  large 
number  of  minute  bubbles  of  gas — evidently  a  consequence  of  chemi- 
cal action — made  the  apparent  mass  in  water  from  10  to  20  per  cent, 
less  than  it  ought  to  have  been.  Moat  of  theae  bubbles  could  be 
shaken  off  by  merely  moving  the  wire  twice  or  thrice  backwards  and 
forwards  through  the  water,  but  in  a  very  few  seconds  they  collected 
again  and  rendered  it  evident  that  no  reliable  determination  of  the 
density  could  be  obtained  Jn  this  way.  As  there  was  not  at  hand  any 
liquid  which  might  be  suitably  used  in  place  of  the  water,  the  density 
was  ascertained  from  the  length,  diameter,  and  mass  of  three  separate 
lengths  of  the  wire.     The  diameter  of  each  of  these  pieces  was  mea- 

•  ■'  Phil.  Traiia.,"  vul.  17-1,  1883,  pp.  61,  62. 
t  Loc.  cil.,  p.  24. 
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snred  at  ten  differeot  places  equidistant  from  each  other  by  a  gauge 
graduated  to  xJif*^  ^^  *  millimetre,  and  capable  of  measuring  by 
estimation  to  ,  a^v  ^th  of  a  millimetre.     The  accuracy  of  the  gauge  had 


1000' 


been  repeatedly  tested  on  previous  occasions,  and  could  be  depended 
upon  at  least  to  -nj^th  of  the  diameter  of  the  wire  :  nor  would  any 
error  of  consequence  be  introduced  in  the  determinations  of  either  the 
length  or  mass. 

The  following  were  the  results : — 


1 

Number 
of  piece. 

Length  in 
centimetres. 

Mean 
diameter  in 
centimetres. 

Mass  in 
grams. 

Density  at 
20*'C. 

1 
2 
3 

162-5 
1230 
131-5 

0-08736 
0- 08671 
008723 

1-6910 
1-2742 
1-3670 

1-736 
1-754 
1-740 

Mean 

0-08710 

. . 

1-743 

The  probable  error  in  the  determination  of  the  density  in  this  way 
would  therefore  appear  to  be  0*2  per  cent.  But  values  of  "  Young's 
modulus  "  obtained  by  the  method  of  longitudinal  vibrations  are  apt 
to  be  slightly  too  high  in  the  case  of  wires  in  consequence  of  slight 
yielding  of  the  supports  at  either  end  of  the  wire.*  It  was  therefore 
deemed  advisable  to  employ  also  the  static  method,  and  accordingly  a 
pair  of  wires  were  suspended  and  examined  in  the  manner  already 
described  in  Part  I  of  this  memoir,  and  with  the  same  precautions  to 
avoid  error.f  "  Young's  modulus  "  as  thus  obtained  proved  to  be 
424*3  X 10^  grams  per  square  centimetre.  It  was  impossible,  however, 
in  this  instance  to  have  any  but  a  comparatively  small  load  perma- 
nently on  the  wire,  and  in  such  a  case  the  result  is  apt  to  be  too  low 
to  a  slight  extent.  We  may,  I  think,  then,  find  a  very  near  approach 
to  the  true  value  by  taking  the  mean  between  the  values  got  by  the 
two  methods:  this  mean  is  430*8+10^  grams  per  square  centimetre, 
and  is,  I  should  say,  certainly  less  than  1  per  cent,  in  error. 

From  *' Young's  modulus"  and  the  simple  rigidity  the  ratio  of 
lateral  contraction  to  longitudinal  extension  can  be  calculated ;  this 
ratio  would  be — 

430-8  xlO«    _, 
2  X 172-3  X  10«      ' 

*  It  might  be  thought  that  any  kind  of  yielding  would  depress  the  pitch  of  the 
wire,  bat  the  mathematical  investigations  of  Lord  Rajleigh  as  giyen  in  his  "  Theory 
of  Sound,"  vol.  i,  p.  161,  show  that  with  transvene  yibrations  there  would  be  in 
the  case  before  ns  an  increase  of  pitch.  Bajleigh's  investigations  will  equally 
apply,  as  far  as  the  point  in  question  is  concerned,  to  longitudinal  vibrations. 

t  Loc,  eit,j  pp.  2-4  inclusiye. 
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nnd  this  laat  ratio,  STid  is — 


I  3(l-2x0'2505) 

'  =      287'6  X  !()•  grams  per  squai-e  ceatimetre. 

Now  it  I1B8  been  shown  in  a  recent  communication*  to  the  Royal 

Society  that  the  bulli- modulus  can  be  calculated  from  the  thermftl 
capacity  per  unit  volume  by  the  formula — 

e,=2071xlO«xC,l, 

where  Pf  is  the  bulk-modulus  and  C»  the  mean  thermal  cnpaoity  per 
unit  Tolnme  between  0°  C.  and  100°  C.  According  to  Begnanlt  the 
thermal  capacity  per  unit  mass  is  0"2499,  and  according  to  Kopp  it  ii 
(»-246.t  The  mean  of  these  two  numbers  is  0-2480,  and  the  thermal 
capacity  per  unit  volume  ia  therefore  0-2430  x  1-743,  or  0-4323.  From 
the  above  formula,  thei'efore,  we  obtain — 

e,=  2071  xlO«X  0-4-3231 

=292-7  xl0«. 

This  number  does  not  differ  from  that  obtained  by  observation  by 
80  much  as  2  per  cent.,  and  considering  the  difficulties  which  are  in 
the  way  of  getting  correct  values  of  the  bulk-modulus,  we  may  regard 
the  agreement  of  the  observed  and  calculated  values  of  e,  as  suffi- 
ciently satisfactory. 

Armngpnient  of  the  Magnesium,  Wire  for  Observations  on  the  Alteration 
of  Efisislance  produced  by  Longituditial  Traction. 

Erperiment  VIII. 
A  pair  of  magnesium  wires  were  arranged  for  an  esamination  of  the 
effect  of  longitudinal  traction  on  the  electrical  i-esistanee  of  the  metal 
in  the  same  manner  as  the  nickt'l  wire  before  mentioned,  but,  as  it  was 
(lesiriible  to  have  the  permanent  load  as  light  as  poasible  in  order  to 
avoid  trespasRing  beyond  the  limits  of  elasticity,  the  scale-pan  wan 
dispensed  with  and  the  weights  were  suspended  to  a  small  hookj  by 
string  so  that  at  the  outset  the  permanent  load  on  the  wire  only 
amounted  to  ^  kilo.      When  a  sufficient  rest  had  been    allowed  to 

■  "  Proc.  Boy.  Soc.,"  No.  232,  1884. 

-I-  Clnrlce's  "  Cooslsnta  oi  NKhii«,"  SmitliBouJaa  Hiscollaneou*  Collectioa,  No.  276, 

|..  ir.. 
t  Loe.  at.,  p.  68,  fig.  10. 
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enable  the  pair  of  wires  to  attain  a  constant  resistance-ratio,  varioni 
amounts  of  temporary  stress  from  ^  to  2  kilos,  were  employed.  The 
results  are  ^ven  below : — 


Permanent 

load  on  the 

■wire  in  kilos.* 

Temporary 
loud  in  kilos. 

Temporary  alteration 

of  resistance  in 

diyisions  of  the 

platinum-iridium 

wire. 

Temporary 

alteration  of 

resistance  per 

kUo. 

2 

i 

I 

U 
2 

4-4 
10-8 
19-6 
31-4 

4-4 

• 

8-8 
10-8 
130 
16-7 

6-8 

The  wire  completely  recovered  itself  when  each  of  the  temporary 
loads  was  removed,  and  yet  it  will  be  noticed  that  the  alteration  of 
resistance  per  kilo.f  varies  largely  with  the  load,  so  much  so,  indeed, 
that  with  a  temporary  load  of  2  kilos,  the  temporary  alteration  per 
kilo.,  which  is  of  the  natnre  of  increase  on  loading,  was  nearly  doable 
that  when  only  ^  kilo,  was  employed  for  the  temporary  load.  This 
marked  increase  of  alteration  of  resistance  per  kilo,  with  the  increase 
of  the  temporary  load  does  not  depend  upon  the  amount  of  permanent 
stress,  as  we  obtain  the  same  alteration  for  i  kilo,  when  the  per- 
manent load  is  ^  kilo,  as  we  do  when  the  permanent  load  is  2  kilos., 
but  at  the  same  time  it  shoald  be  observed  that  with  the  permanent 
load  of  2  kilos,  the  first  efEect  both  of  loading  and  unloading  with 
^  kilo,  was  considerably  gp:eater{  than  that  which  took  place  after  three 
loadings  and  unloadings  with  the  ^  kilo.§  The  results  given  above 
undoubtedly  point  to  imperfect  elasticity  due  to  the  rotation  of  the 
molecules  about  their  axes,  for  though  the  wire  recovered  its  original 
resistance  on  the  removal  of  the  load,  this  is  evidently  due  to  the 
slight  shock  caased  by  unloading.  | 


Eiej>eri7nent  IX, 

In  order  to  examine  more  fully  the  relationship  which  might  exist 
between  the  alteration  of  resistance  and  the  alteration  of  length 
cansed  by  temporary  traction,  the  wire  used  in  determining  the  value 

*  Weight  of  clamp,  hook,  &o,,  included. 

t  The  means  of  ten  closely  according  trials  with  each  load. 

X  More  than  twice  as  great. 

§  After  this  the  effect  remained  constant 

II  With  some  metals  a  manrellously  small  agitation  soffices  to  make  the  moleooles 
spring  back  to  their  original  position  after  they  haye  been  permanently  defleotod 
from  their  positions  by  mechanical  or  other  stress. 
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of  "Tonng'a  modalns  "  by  the  method  of  static  extension  wi 
with  nearly  the  same  loads,  both  temporary  and  permanent^  i 
Inst  experiment,  with  the  foUoning  reaalts  : — 


Penurin*nt 
load  in  kil<». 

Temporary 
lo>d  in  kilo.. 

of  length  in 

TPWporery 

BlteratiDii  of      1 
length  per  kilo,   i 

1 
2 

1 

i 

1 
J* 

i 

t 

2' 70 
5' 49 
8  29 
11-41 
2-37 
2-37 
2B4 

6-40 
&-4S 
6-63 
5-76 
4-74 
4  74 
5-08 

The  nambera  giren  in  the  third  column  are  the  means  of  seTcnl 
trials  and,  with  the  exception  of  the  last  two,  require  a  alight  con-ofr 
tion,  iDa»mach  ae  it  was  evidently  impossible  with  such  a  smalt  per- 
manent load  as  J  kilo,  to  obtain  a  anfficiently  straight  wire."  Th*l 
con-i'ction,  however,  can  be  easily  applied,  for  we  sec  that  when  the 
permanent  load  is  eqnal  to  1^  kilos,  a  temporary  load  of  \  kilo. 
produces  precisely  the  same  temporary  elongation  as  when  the  per- 
manent load  is  2^  kilos.,  or,  in  other  words,  1|  kilos,  mnst  have 
sufficed  to  malce  the  wire  straight.  Thus  with  a  permanent  load 
of  ^  kilo,  the  apparent  increase  of  length  caused  by  the  mere 
straightening  of  the  wire  is  2-70-2-37,  or  0'43  when  ^  kilo,  is  the 
temporary  load,  and  will  be  0-43+2-53  -2-37,  or  0-59  when  the  tem- 
porary load  is  either  I  kilo,  orgreater  than  1  kilo.  Making  the  above 
corrections,  and  placing  side  by  aide  the  aH«ration  of  length  and  the 
alteration  of  resistance  produced  by  each  additional  ^  kilo.,  we  obtain 
as  follows  r — 


Number 
□tlkiloa. 

Temporsry  olCerHtion 

Ti-mporary  alteration 
of  leogtli  for  eui'h 
Bucce^eire  i  kil«. 

1 
2 
3 

4 

4-4 
64 
8-7 
11-9 

2-37 
a -63 
2-80 
3  12 

We  may  notice  that  though,  in  consequence  of  imperfect  elasticity ,1 

*  A  matter  of  no  importanee  in  the  electrical  eiperimentn. 

t  The  reroTery  of  length  iraa  at  complete  m  the  recovery  of  reeiatance  had  been 
on  the  removal  of  the  streaa,  and  this  is  no  dotibt  due  to  the  cauM  preriouily 
menlioned. 
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the  temporary  alteration  of  length  increases  in  greater  proportion  than 
the  load,  this  increase  of  effect  is  very  mnch  less  than  is  the  case 
when  the  alteration  of  resistance  is  concerned,  the  difference  between 
the  first  and  last  numbers  of  the  third  column  being  only  31  percent, 
as  compared  with  the  170  per  cent,  difference  between  the  first  and 
last  numbers  of  the  second  column. 

It  has  been  proved  that  longitudinal  traction  on  the  whole  causes 
increase  of  resistance,  but  this  increase  is  less  than  can  be  accounted 
for  by  mere  change  of  dimensions,  provided  that  the  temporary  stress 
used  be  sufficiently  small.  In  the  present  instance  it  may  be  assumed 
that  for  any  temporary  stress  not  exceeding  i  kilo,  we  shall  barely 
enter  into  the  region  where  "  Hooke*s  law  "  no  longer  holds  good,* 
and  that  up  this  limit  of  loading  the  increase  of  resistance  and  of 
length  will,  within  the  limits  of  errors  of  observation,  be  proportional 
to  the  load,  since,  were  it  otherwise,  there  could  not  be  the  accordance 
which  there  is  between  the  value  of  "  Young's  modulus  "  as  deter- 
mined by  the  statical  and  dynamical  methods.f  If,  then,  we  take 
4*4  divisions  of  the  platinum-iridium  wire  to  represent  the  temporary 
increase  of  resistance  produced  by  a  load  of  ^  kilo.,  we  gather  that 
the  increase  of  resistance  due  to  a  stress  of  1  gram  per  square  centi- 
metre is  1841  xlO~^^  per  unit.  In  calculating  the  alteration  of 
resistance  per  unit,  resulting  from  increase  of  length,  we  must  take 
the  value  of  "  Young's  modulus "  obtained  by  using  the  statical 
method,  for  the  alteration  of  resistance  is  necessarily  determined  by 
this  method.  If  we  do  so  we  find  that  the  ratio  of  the  increase  of 
resistance  per  unit  to  the  increase  of  length  per  unit  is  0*7813.  The 
mere  change  of  dimensions,  however,  would  cause  an  increase  of 
resistance  of  1  +  25,  where  0  is  the  ratio  of  lateral  contraction  to 
longitudinal  extension,  and  may  be  taken  as  equal  to  0'2501 ;  so  that 
on  the  whole  we  have  a  decrease  of  the  specific  resistance  per  unit, 
equal  to  1*5002 -0-7813,  or  0*7189.  With  aluminium  also  it  has  been 
shown}  that  there  is  a  decrease  of  specific  resistance  per  unit;  but 
this  is  of  small  amount,  namely,  0*420  for  the  unannealed,  and  0*262 
for  the  annealed  metal.  We  may  say,  then,  that  though  magnesium 
does  not  agree  with  nickel  and  cobalt  in  having  its  resistance 
decreased — ^in  spite  of  change  of  dimensions — it  does  agree  with 
these  metals  and  with  aluminium  in  having  its  specific  resistance 
decreased  by  longitudinal  traction  of  small  amount. 

The  question  next  arises,  shall  we,  passing  the  limit  of  temporary 
stress  up  to  which  "  Hooke's  law  "  holds  good,  eventually  find  the 
decrease  of  specific  resistance  changed  into  increase  when  the  tem- 

•  See  loc,  cit.f  pp.  12,  13. 

t  The  temporary  elongation  produced  by  i  kilo.,  namely,  2*37  half -millimetres, 
was  employed  in  calculating  the  former  of  the  two  yalues. 
X  Loc.  cit.,  p.  52. 
VOL.   XXXIX.  ^  -^L 
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porary  BtreKs  i«  compBrativoly  large?     The  answer  must  be  in  UiA  1 

irith  tbe  load  mocii  more  largely  thitn  tlio  ft!teni(io»  of  k-ngtb  :  this    | 
is  ahown  in  the  next  table.                                                                                 , 

Table  I.                                                  J 

UvAu,  ot 

per  nnit  dlridfd 
bv  Ihe  inoi-CBM  of 
uugtli  p«r  unit. 

-UMiMion  of  »p«»flc 

diridodbrtbeiocTMiK 
of  Itngtli  per  unit. 
+  iigniflra  incroMe  of 

U-2 

0  7813 

1-028 

-0-719 

-0-178 
-0  193 

+o-iie 

Itw 

ouM  appear. 

hen,  ftt  Gret  sight, 

hat  magnesinni  and 

nicU 

iH'hiivc  in  a  sonK-wimt  similnr  nmiiner  us  irgunJs  (lio  olTwt  of  .strc-M 
on  their  specific  electrical  resistance,  for  with  nickel  the  decrease  of 
resistance  is  changed  to  increase  when  the  stress  has  parsed  a  certain 
limit.  Closer  examination,  however,  does  not  justify  this  view,  for 
with  nickel  the  change  from  decrease  to  increase  is  conditioned  by  the 
amount  of  the  permanent  load,  so  that  if  say  6  kilos,  be  the  limiting 
stress,  and  we  maintain  this  stress  pei-manently,  on  additional  kilo, 
■will  always  pi-ociuce  increase  of  resi.stanoe,  though  this  load  of  1  kilo, 
be  taken  off  and  put  on  any  number  of  timeg,  whilst  with  magnesinm. 
if  we  regard  2  kilos,  as  the  limiting  stress,  and  allow  this  load  to 
remain  on,  an  additional  ^  kilo,  will  only  produce  a  temporary 
increase  or  a  temporai'y  decrease  of  specific  resistance  when  put  on  and 
taken  ofi'  respectively  for  ihejirst  lime. 

Thf  Alterativn  of  the  Electrical  Eetislaiice  of  Platinum-iridiiim  pro- 
duced by  Longitudmal  Traction. 
Platinnm-iridium  plays  such  on  important  part  in  the  constmc- 
tion  of  standards  of  k-ngth  and  of  electrical  resistance,  that  having  a 
length  of  wire  made  of  the  alloy  safficient  for  my  purpose,  I  resolved 
to  test  its  elasticity,  and   the  change  of  electrical  resistance  due  to 


Prelitninanj  Betermi'ialion  of  the  Vahie  of  "  Young's  Modulus,"  Simple 
Iligiilily,  Domli/,  ^c. 
The  alloy  was  s-pecially  prepared  for  me  by  Messrs.- Johnson  and 
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Matthey,  and  an  analysis  made  by  them  of  a  similar  specimen,  not, 
however,  drawn  into  wire,  yielded  the  results  ^ven  below.* 


Proportion. 

Platinum -iridium  at  10  per  cent.. 
Iridium  in  excess 

99-33 
0-23 
0-18 
010 
006 

Rhodium  ....,.- 

Ruthenium 

Iron , 

99-90 

The  density  at  0°  C,  calculated  from  this  analysis,  was  21*610,  and 
:according  to  MM.  Deville  and  Mascart  the  coefficient  of  thermal 
expansion  between  O''  C.  and  16°  C.  is  0-00002641. 

As  it  was  not  considered  advisable  to  bend  the  wire  so  as  to  form  it 
into  a  coil  suitable  for  finding  the  density  in  the  ordinary  way,  the 
latter  was  calculated  from  the  mass,  length,  and  diameter.  The  length 
of  the  wire  was  61*90  cm.,  the  mass  22*088  grams,  and  the  diameter, 
as  measured  by  the  gauge  at  seven  equidistant  places,  was  as  fol- 
lows : — 


Number  of 
place. 

Diameter  in  centi- 
metres. 

1 
2 
3 
4 
5 
6 

0  1454 
0-1464 
0  1453 
0  1454 
0*1453 
0  1450 
0  1453 

Mean 

01453 

1 

From  these  data  was  deduced  a  density  at  16""  C.  of  21*623,  which 
value,  considering  the  drawing  to  which  the  metal  had  been  subjected, 
agi'ees  very  well  with  that  calculated  from  the  above  analysis. 

The  value  of  "  Young's  modulus "  was  first  determined  by  the 
static  method  in  my  usual  way,  and  proved  to  be  2089  X  10®  grams 
per  square  centimetre,  and  though  the  length  of  the  wire  operated 
upon  was  inconveniently  small,  the  different  trials  agree  very  well 
with  each  other.  The  modulus  was  next  determined  by  the  method  of 
longitudinal  vibrations,  the  wire,  which  was  sufficiently  stout  and  rigid 


•  "  Nature,"  August  7, 1879,  p.  343. 


^^^ 
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for  the  purpose,  being  held  by  the  fingor  and  thnmh  in  the  centre,  and 
robbed  with  a  i-esined  glove.  When  rubbed,  the  wire  yielded  soma- 
times  one  note,  and  Bometimes  another  abont  a  semitone  lower  in 
pitch.  Both  these  notes  were  fairly  clear,  and  from  the  higher  of  tha; 
two  a  value  for  the  moduloB  was  deduced  of  2276  X  10*  gi-ams  part 
aqnare  centimetre,  whilat  from  the  lower  waa  obtained  a  valao  whiolt 
■vithin  the  limita  of  error  of  observation  was  exactly  eqoal  to  that' 
got  by  the  static  method  ;  so  that  we  may  regard  2089  X  10*  grama! 
per  sqnare  centimetre  as  representing  with  fair  aocnrooy*  tho  ralne  of 
"  Yonng's  modulnfi," 

There  was  no  difficulty  in  finding  the  value  of  the  simple  rigidity  in 
the  Dsnal  way,  and  this  proved  to  be  724  8  X  10*  grams  per  sqnara 
centimetre.  Vrom  the  above  data  the  ratio  of  latei-al  oontractjoii 
to  longitudinal  extension  waa  ealculated  to  bo  0441.  The  valnes  of' 
"  Tonng's  modulus  "  and  of  the  simple  rigidity  are  both  high,  and  ifc 
IS  very  remarkable  that  the  10  per  cent,  of  iridium  added  to  thfl. 
platinnm   should  have  raised    the  former  value  more  tba7i  -10   poI^ 


Arrangement  of  the  Flatititrni-iridmm  Wire  for  Obgervationg  nti  the 
Alteration  of  Resistance  produced  by  Longitudinal  Trartion. 
Experiment  X. 
We  will  now  turn  to  the  experiments  on  the  alteration  of  resistance 
produced  by  longitudinal  traction  experiments,  which  it  will  be  seen 
resulted  in  a  complete  surprise  in  more  ways  than  one.  In  the  first 
trials  the  wire  was  arranged  in  exactly  the  same  manner  as  the  steel 
and  magnesium  wires  had  been,  and  the  lever  used  for  applying  the 
stress,  but  a  German-silver  wire  was  employed  aa  the  comparison- 
wire.  With  only  a  permanent  stress,  due  to  the  weight  of  the  lever, 
2  kilos,  put  on  or  taken  oS  the  lever  caused  an  alteration  of  resist, 
ance  which  required  to  be  balanced  by  moving  the  sliding-piece 
54'£  divisions,  and  when  there  was  a  permanent  stress  equivalent  in 
all  to  3  kilos,  on  tho  end  of  the  lever,  an  additional  kilo,  on  or  off 
caused  an  altemtion  i-epresented  by  27'0  divisions,  or  almost  exactly 
half  the  number  of  divisions  which  were  required  with  twice  the 
temporary  load.  Hence  it  was  calculated  that  a  stress  of  1  gram  per 
square  centimetre  produced  an  increase  of  resistance  per  unit  of 
iI049  X  10"'".  The  increase  of  resistance  per  unit  divided  by  increase 
of  length  per  unit  was  (>'368,  and  the  increase  of  gpecijic  resistance 
per  unit  was  4'486.  These  results  were  very  unexpected,  inasmuch  as 
all  the  other  alloys  which  have  been  examined,  namely,  brass,  German- 
silver,  and  platinum-silver  are  altered  by  stress  in  their  electrical 
resistance  far  less  than  the  pure  metals  of  which  they  are  composed, 

•  This  value  wouli  seem  to  \jb  COTtert,  ^ilhin  U  lext  2  per  cent. 
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whereas  here  the  increase  of  specific  resistance  produced  hj  traction 
is  nearly  three  times  as  great  as  with  iron,  which  heads  the  list  of 
those  metals  which  show  increase  of  resistance  on  loading. 

Experiment  XL 

Under  the  above-mentioned  circumstances,  it  was  deemed  to  be 
advisable  to  test  the  platinum-iridium  in  another  manner.  In  this 
case,  instead  of  using  German-silver  as  the  comparison-wire,  the 
following  arrangement  was  made : — 

To  the  centre  of  the  wire  was  firmly  fixed  a  brass  clamp,  which 
rested  on  a  stout  table,  and  was  connected  with  one  terminal  of  the 
galvanometer,  the  other  terminal  being  as  usual  connected  with  the 
sliding-piece.  The  lower  half  of  the  wire,  which  passed  through  » 
small  hole  in  the  table,  was  stretched  bj  means  of  the  lever,  whilst 
the  upper  half  remained  unstretched.  Near  the  extremities  of  both 
halves  were  fixed  other  clamps,  provided  with  terminal  screws,  which 
in  each  case  were  united  as  usual  with  one  pole  of  a  battery,  and  with 
a  set  of  resistance  coils  joined  to  each  other  by  the  platinum-iridium 
wire  traversed  by  the  sliding-piece.  With  this  arrangement  it  will  be 
seen  that  the  upper  half  of  the  wire  served  as  a  comparison- wire  to 
the  lower  half.  The  results  of  this  experiment  were  in  fair  accord- 
ance with  those  of  the  previous  one,  and  still  showed  platinum- 
iridium  to  be  considerably  more  increased  in  resistance  by  traction 
than  any  of  the  other  metals. 

Experiment  XIL 

In  order  to  remove  any  further  doubt  about  clamping  not  being 
sufficient  to  make  proper  connexion  between  the  various  parts  of  the 
"bridge,"  a  third  experiment  was  tried,  in  which  the  platinum- 
iridium  wire,  with  a  German-silver  wire  as  a  comparison-wire,  were 
arranged  as  in  Experiment  X,  but  now  all  connexions  with  the  wire 
to  be  stretched  were  well  soldered,  and  a  long  series  of  trials,  extend- 
ing over  three  days,  was  made  with  a  view  to  not  only  confirm  the 
results  of  Experiments  X  and  XI,  but  also  to  bring  out  any  fresh 
peculiarities  which  might  exist.  The  main  points  to  which  it  is  well 
to  call  attention  are  shown  in  the  last  two  series  of  trials  given  below, 
in  which  the  permanent  stress  was  that  due  to  the  weight  of  the 
lever  itself. 

It  is  noteworthy  here  that  the  resistance  at  first  increases  in  greater 
proportion  than  the  load,  but  when  a  certain  limit  of  stress  has  been 
reached  the  ratio  of  the  increase  of  resistance  to  the  load  producing  it 
begins  to  diminish,  until  finally  the  last  kilogram  only  produces  the 
same  alteration  of  resistance  as  the  first.  A  similar  state  of  things 
was  perceived  with  wires  made  of  other  metals  in  the  experimeuta 
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Kilos,  on 

the  lever. 

Temporary  alleraticm  of 

re»i»timco  in  tsraia  of  the 

diviaiona  of  the  gradaatfd 

ulatuiiuii  ■iridium  wire. 

Firrt  Berio.. 

alteration  of 
reHstaneo,  to. 
Second  neries. 

BlCeration 
from  the 

I.t  kUo. 

230 

23-5 

23-25 

and  „ 

23-5 

21 

5 

34-00 

29-5 

29 

5 

29-50 

4th   „ 

S3 

o 

38-78 

5th   „ 

30  0 

29 

0 

32-00 

6th  „ 

370 

28 

0 

37-60 

23  0 

SB 

5 

8tb   ,. 

83-6 

33  BO 

described  ia  the  previous  portions  of  this  memoir,*  and,  n 

L  tfaeru  is  a  like  change  in  the  elasticity,')'  but  with  platinnm-iridinm 

I    the  effect,  as  far  aa  alteration  oi  the  resiataDce  is  concerned,  is  mot« 

I  marked  than  is  the  case  with  other  metals.     Equally  noteworthy  is  it 

Bihat  at  the  tbird  Idlogram  there  ie  b,  sudden  increase  in  the  tom- 

poniry  alteration   of   i-psistance   produced  by  tliL'    load,  and    a  like 

phenomenon  is  ploialy  discernible  ia  the  above-mentioned  previons- 

experiments.      Moreover,   the  stress  which    produces   this    sadden 

iacrease  is  certainly  not  far  from  the  stress  which  produces  the  first 

sudden  leap  in  the  value  of  the  ratio  of  the  permanent  alteration  of 

resistance  to  the  load,  when  the  annealed  wire  is  stretched  for  the 

first  time  ;^  nay,  more,  a  careful  examination  of  Experiment  YII§ 

shows  undoubted  evidence  of  the  existence  of  the  same  number  of 

critical  points  where  temporary  alteration  is  concerned,  as  there  are 

in  the  case  of  permanent  extension. 

Finally,  it  must  be  added,  that  if  we  take  the  mean  effect  produced 
by  all  the  loads  on  the  resistance  of  the  wire,  we  obtain  an  iacrease  of 
resistance  which  is  exactly  equal  to  that  already  recorded  in  Experi- 
ment X,  and  therefore  we  mast  regard  the  comparatively  large 
increase  of  resistance  of  platinnm-iridium  caused  by  traction  as  a, 
well- established  fact.|| 

*  I/Oc.  cit.,  p.  60,  where  bj  taking  the  alteration  of  retUtaace  caused  bj  con- 
tecutive  tondi  of  2  kilos,  each,  this  can  be  plainlj  diecemed. 

+  Loe.  cit.,  p.  IG. 

t  Compare  Eiperimoot*  VII  and  XXIII,  loc.  cit,  pp,  50,  82.  As  regud* 
Eiperiment  XXIII,  it  should  be  remarked  that  more  recent  obserrations  have  shown 
that  there  ia  a  critical  point  at  the  third  kilognuD  (fifth  kilogram  if  we  includs  the 
weight  of  the  scale-pan  itself),  and  that  hare  therefore  we  must  look  for  the  first 
critical  point  and  not  at  the  eighth  kilogram  (tenth  kilogram  including  the  weight 
of  the  Bcalo'pan),  where  is  the  lecond  critical  point. 

§  Loc.  cit.,  p.  50. 

//  This  compantiTely  large  increase  of  resistance  produced  bj  traction  is  rather 
sgafniT^  tho  u#e  of  platinmu-iri^^xoi  vti  tiu  cQoitniAi^niQC  fttand^rd  resistance  coilf . 
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The  Effect  of  Longitudinal  Traction  on  the  ThermO'electrie  Properties 

of  Platinum-iridium. 

Experiment  XIIL 

The  above-mentioned  large  increase  of  resistance  resulting  from 
the  temporary  traction  of  platinnm-iridinm,  together  with .  the  ap- 
parent relationship  between  the  effect  of  mechanical  stress  on  the 
thermo-electric  properties  of  metals,  and  that  on  the  specific  resist- 
ance, rendered  it  probable  that  stress  would  act  on  the  thermo-electric 
properties  of  iron  and  platinum-iridium  similarly  as  regards  nature, 
but  with  greater  intensity  with  the  latter  metal  than  with  the  former, 
but  here,  again,  a  surprise  was  met  with,  for  when  the  wire  was 
tested  in  the  same  manner  as  the  cobalt  had  been,  the  unstretched 
platinum-iridium  was  found  to  he  positive  to  the  temporarily  stretched 
metal,  and  therefore  the  alloy  is  affected  by  stress,  thermo- electrically, 
in  a  manner  similar  to  nickel.  Thus  we  see  that,  though  these  new 
experiments  would  in  the  case  of  cobalt  and  magnesium  largely  con- 
firm us  in  our  opinion  respecting  the  above-mentioned  i*elationship,  it 
is  quite  the  contrary  in  the  case  of  platinum-iridium.  In  the  next 
table  will  be  found  drawn  up  the  results  obtained  by  Hall,  Bidwell, 
and  myself. 

Hall  says  of  the  numbers  in  the  second  column  :  *'  I  cannot  vouch 
for  the  quantities  within  50  per  cent.,  but  I  think  I  can  vouch  for  the 
direction  of  the  effect."  Bearing  this  statement  in  mind,  and  the  diffi- 
culties which  lie  in  the  way  of  obtaining  accurate  values  for  the  ratio 
of  lateral  contraction  to  longitudinal  extension,  which  difficulties  will 
affect  the  numbers  in  the  fourth  and  fifth  columns,  one  cannot  help 
being  struck  with  the  fact  that  with  most  of  the  metals  the  order  of 
the  "  rotational  coefficients  "  is  the  same  as  that  of  the  alteration  of 
specific  resistance  caused  by  traction.  Cobalt  and  platinum  are, 
however,  conspicuous  exceptions,  but  with  regard  to  the  former 
metal  it  has  been  already  observed,  and  of  course  the  same  observa- 
tion would  apply  equally  to  nickel  and  iron,  that  longitudinal  traction 
might  produce  different  effects  in  the  magnetised  and  unmagn^tised 
metals.  The  exception  furnished  by  platinum  cannot  be  thus  ac- 
counted for,  nor  does  it  seem  fair  to  attribute  the  discrepancy  either 
to  errors  of  observation  or  to  difference  in  the  purity  of  the  specimens 
examined  by  Hall  and  myself  respectively.*  In  the  fifth  column  is 
given  the  difference  between  the  alteration  of  the  specific  resistance 
of  lead  by  traction,  and  that  of  the  other  metals,  and,  with  the  excep- 
tions just  mentioned,!  it  may  be  fairly  said  that,  within  the  errors  of 

*  The  specimen  of  platinnm  used  bj  myself  was  obtained  from  Messrs.  Johnson 
and  Matthey  as  chemicaU  j  pure. 

t  I  ought  to  remark  here  that  according  to  Bidwell  the  "  Hall  effect"  in 
aluminum  is  -f .    In  a  trial  made  by  myself  on  the  pure  specimens  of  aluminium  in 
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observation  to  whicb  the  aambere  in  this  colntnn  are  liable  to  be 
affected,  the  signs  are  here  the  same  aa  those  in  the  second  column. 

As  regards  the  relationship  between  the  alteration  of  specific 
resistance  by  traction  and  that  of  the  thermo-electric  qualities  of  tbo 
metals  dne  to  the  same  cause,  it  may  be  seen  by  comparing  the  third 
and  fifth  columns,  that  ont  of  sixteen  different  metals,  pure  and  alloyed, 
the  signs  in  the  two  columns  are  decidedly  the  same  in  eleven  instances, 
are  decidedly  different  in  three  instances,  and  are  dubiously  so  in  two 
instances. 

It  has  been  Doticed§  that  if  the  density  of  a  substance  be  denoted 
by  A,  and  A  represent  the  atomic  mass,  so  that  the  difference  between 

the  centres  of  adjacent  molecules   be  proportional  to  /— j  =a,    say, 

m;  poMcsaion,  the  effect  of  traction  on  the  tlienaO'elRctric  propertiea  of  the  inetuJ 
seemed  to  be  the  aame  in  direction  aa  that  given,  sod  for  which  Bidwoll  is  a\y 
autborit;,  but  the  effect  wa«  rerj  slight,  and  I  am  not  noir  quite  certain  whether  a 
less  stress  tban  was  then  applied  would  not  give  an  oppo«it«  result. 

*  A  +  sign  in  tbia  colunm  BigniGos  that  the  efleot  is  in  a  direction  the  aame  ai 
that  which  the  conductor  itself  bearing  the  current  would  follow  if  free  Xa  moTe 
across  the  lines  of  magnetic  force  (see  "  Nature,"  Nov.  10,  1881,  p.  46). 

t  A.  +  sign  in  this  column  signifies  that  the  direction  of  the  tbermo-elcctric 
current  is  from  umtrelchrd  to  ilrHchfd  through  the  Ao(  juiiclion. 

J  A  *  sign  in  this  column  signiGes  intrtaie  of  reaislance. 

S  Zoe.  eil.,  p.  32. 
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ex  J  is,  with  most  metals,  a  constant,  where  e  denotes  *'  Yonng's 
modnlns."  Taking  the  mean  of  the  values  of  e  and  of  A  for  cobalt  in 
the  annealed  and  nnannealed  conditions,  we  have  «=  1*927,  and 
e  X  «7=1886  X 108.    For  magnesium  «=2-399,  and  e  x  a7=1969  X  lO^. 

In  the  next  table  will  be  found  collected  together  most  of  those 
results  of  the  present  inquiry  which  can  be  expressed  hj  numbers. 

It  has  been  suggested  with  regard  to  the  method  of  finding  the 
effect  of  strain  on  the  resistance,  that  unless  the  strain  was  fairly 
uniform,  thermo-electric  effect  might  have  to  some  extent  vitiated  the 
results.  It  will  be  seen,  however,  that  the  strain  must  have  been 
fairly  uniform,  and  even  if  there  had  been  considerably  more  lack 
of  uniformity  than  actually  existed,  the  small  change  which  can  be 
wrought  by  stress  aud  strain  in  the  thermo-electric  power  of  any  of 
the  metals  hitherto  used,  would  preclude  the  possibility  of  any  appre- 
ciable vitiation.  Further,  in  many  cases,  very  different  lengths  of  the 
same  wire  were  tested  and  found  to  yield  the  same  results,  which 
would  not  have  been  the  case  had  the  strain  on  the  connexions,  a 
point  also  suggested  for  consideration,  introduced  error. 

Summary, 

1.  The  electrical  resistance  of  cobalt,  like  that  of  nickel,  is  tem- 
porarily decreased  by  temporary  longitudinal  traction.  Whether 
the  decrease  of  resistance  would  be  changed  to  increase,  as  it  is  with 
nickel,  by  a  greater  amount  of  stress,  has  not  yet  been  ascertained, 
but  should  this  be  the  case,  the  magnitude  of  the  stress  per  unit  area 
which  would  suffice  for  the  purpose,  must  be  much  greater  with  cobalt 
than  with  nickel. 

2.  Permanent  extension  and  rolling  diminishes  with  cobalt  as  with 
nickel,  the  effect  of  longitudinal  traction  alluded  to  in  1. 

3.  Cobalt  is  remarkable  for  the  extreme  persistence  with  which  the 
same  load,  when  applied  again  and  again,  continues  to  produce  per- 
manent increase  of  resistance. 

4.  Moderate  permanent  extension  decreases  permanently  with  cobalt 
as  with  nickel  and  iron,  the  specific  resistance. 

5.  Temporary  longitodinal  traction  renders  cobalt  temporarily 
positive  as  regards  its  thermo-electrical  qualities  to  cobalt  not  under 
traction,  provided  there  is  no  magnetic  stress  acting  at  the  same 
time. 

6.  Temporary  longitudinal  magnetic  stress  renders  cobalt  tem- 
porarily negative  as  regards  its  thermo-electrical  qualities  to  cobalt 
not  under  magnetic  stress,  provided  there  is  no  mechanical  stress 
acting  at  the  same  time. 

7.  The  effect  of  temporary  longitudinal  traction,  even  when  carried 
to  very  great  excess,  is  to  increase  the  resistance  of  nnannealed  piano- 
steel  ;  and  this  increase,  though  less  than  with  iroii^  bQ!t\\.  1^^  t^s^x. 
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stress  per  square  unit  of  area  and  per  unit  temporary  increase  of 
length,  is  mnch  greater  tlian  can  be  accounted  for  by  changes  in  the 
dimensions  of  the  steel. 

8.  The  electrical  resistance  of  magnesium  is  temporarily  increased 
by  temporary  longitudinal  traction  of  moderate  amount,  but  the 
amount  of  increase  is  less  than  can  be  accounted  for  by  mere  change 
of  dimeusions,  so  that  the  specific  resistance  of  magnesium,  like  that 
of  aluminium,  is  diminished  by  the  temporary  stress. 

9.  When  the  permanent  load  on  the  wire  is  very  small,  the  temporary 
increase  of  length,  like  that  of  the  increase  of  resistance,  increases  in 
larger  proportion  than  the  temporary  load,  but  the  former  increases 
less  rapidly  than  the  latter,  so  that  when  the  temporary  stress  exceeds 
a  certain  limit  the  above-mentioned  decrease  of  specific  resistance  is 
changed  to  an  increase  of  specific  resistance. 

10.  The  values  of  **  Young's  modulus,"  and  the  simple  rigidity  of 
the  alloy,  platinum-iridium,  are  much  greater  than  those  calculated 
from  the  same  values  for  the  components  of  the  alloy. 

11.  The  electrical  resistance  of  platinum-iridium,  quite  unlike  that 
of  platinum-silver,  German-silver,  and  brass,  is  much  more  increased 
by  temporary  longitudinal  traction  than  that  of  either  of  the  com- 
ponents of  the  alloy. 

12.  The  increase  of  resistance  mentioned  above  is  much  greater 
than  can  be  accounted  for  by  change  of  dimensions,  so  that  the 
increase  of  specific  resistance  produced  by  longitudinal  traction  is 
considerably  greater  than  is  the  case  with  any  of  those  other  metals 
examined  whose  resistance  is  increased  by  longitudinal  traction. 

13.  The  alteration  of  the  resistance  alluded  to  in  11  at  first  increases 
in  greater  proportion  than  the  load,  but  when  a  certain  limit  of  stress 
has  been  reached,  the  ratio  of  the  temporary  increase  of  resistance  to 
the  load  producing  it,  begins  to  diminish,  and  finally  reaches  the  same 
value  as  at  first.  A  tendency  to  a  similar  state  of  things  is  seen  with 
other  metals,  but  in  none  is  the  phenomenon  so  pronounced  as  in 
platinum-iridium . 

14.  IJnstretched  platinum-iridium  is  thermo-electrically  positive  to 
the  temporarily  stretched  metal. 

15.  The  present  investigations,  as  far  as  magnesium  is  concerned, 
confirm  the  previous  ones  in  showing  an  apparent  relationship  between 
the  *'  Hall  effect "  and  the  alteration  of  the  specific  resistance  pro- 
duced  by  mechanical  stress.  With  regard  to  cobalt  this  is  not  so,  at 
any  rate  for  the  metal  when  not  under  the  influence  of  magnetia 
stress. 
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OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 

Amongst  the  men  who  have  laboured  earnestly  and  successfully  to 
place  on  a  sound  scientific  basis  the  practice  of  engineering,  the  late 
accomplished  occupant  of  the  Chair  of  Engineering  at  the  University 
of  Edinburgh,  Henry  Charles  Fleeming  Jenkin,  will  hold  a  dis- 
tinguished place.  Bona  in  Kent  on  the  25th  March,  1833,  the  only 
son  of  Captain  Charles  Jenkin,  R.N.,  he  was  sent  to  school  in 
Scotland  at  the  early  age  of  seven  years,  where,  under  Dr.  Burnett,  of 
Jedburgh,  for  three  years,  and  after  that  for  three  years  in  the  Edin- 
burgh Acadenjy,  the  first  six  years  of  his  school  life  were  spent.  In 
1846  he  was  placed  at  a  school  in  Fi*ankfort ;  in  1847  he  was  for  a 
time  in  Paris ;  and,  finally,  in  1850,  he  graduated  as  a  Master  of  Arts 
at  the  University  of  Genoa. 

He  began  his  training  as  an  engineer  in  a  locomotive  workshop  at 
Genoa,  under  Philip  Taylor,  of  Marseilles,  where  he  remained  for 
about  a  year.  He  returned  to  England  in  1851,  and  served  a  three 
years'  apprenticeship  in  the  works  of  the  Fairbairns,  of  Manchester. 
After  a  varied  experience  of  practical  work,  Mr.  Jenkin,  in  1857, 
entered  the  service  of  Messrs.  Newall,  in  their  submarine  cable 
factory  at  Birkenhead,  where  they  were  then  engaged  in  the  manufac- 
ture of  a  part  of  the  first  Atlantic  cable,  and  afterwards  of  cables  for 
the  Mediterranean  and  the  Red  Sea.  His  energy  and  talents  very 
Boon  obtained  for  him  the  position  of  chief  of  the  engineering  and 
electrical  staff.  In  this  connexion  Jenkin  was  brought  into  close 
relation  with  the  able  engineers  and  electricians  who  were  then  work- 
ing out  to  a  practical  result  the  great  problem  of  submarine  tele- 
graphy. These  circumstances  determined  the  direction  in  which  his 
energies  were  more  especially  to  be  applied,  and  he  became  early 
known  as  an  electrical  engineer  of  high  standing. 

At  the  beginning  of  1859  he  became  known  to  Sir  William 
Thomson,  and  entered  into  constant  correspondence  with  him  in  con- 
nexion with  the  testing  of  conductivity  and  insulation  of  submarine 
cables,  and  the  speed  of  signalling  through  them.  After  Faraday's 
discovery  of  the  existence  of  specific  inductive  capacity y  and  his  now 
celebrated,  though  then  ignored,  determinations  of  it  for  flint  glass, 
shelMac,  and  sulphur,  the  first  correct  determination  of  the  specific 
inductive  capacity  of  any  substance  was  made  by  Jenkin  by  means 
of  observations  arranged  for  the  purpose  on  some  of  the  submarine 
cables  in  the  factory  at  Birkenhead. 


In  1«61  Ml-.  Jenkin  joined  Mr.  H.  C.  Ford  as  partner,  and  wilh 
him  for  Bevea  years  he  carried  on  an  extensive  practioe  in  telegraphic 
and  (teiei^  engineering.  Durinj^  the  last  two  jears  of  this  partner- 
ship  Jenkin  held  the  post  of  Professor  of  Engineering  at  University 
College,  London,  and  in  1808  the  partnership  was  dLisolved  on  accoant  J 
of  his  appointment  to  fill  the  Chair  of  Engineering  in  the  Uuiverai^ 
of  Ediuburgh,  which  be  occupied  till  his  death,  teaching  with  much 

In  1859  he  began  to  write  upon  acientitic  Bubjecta,  encouraged 
to  do  so,  aa  he  bas  himself  remarked,  bj  Sir  William  Thomeon.  Hia 
pnbltsbed  papers  are  in  all  about  foi'ty  in  nnmber.  Of  these  a  large 
proportion  deal  with  questions  arising  from  tlie  science  and  practice 
of  submarine  electrical  engineering,  and  wore  pablisbed  within  the 
t^n  yeai-s  1859  to  1869 — a  period  of  the  greatest  progrette  in  submarioe 
telegraphy. 

Professor  Fleeming  Jenkin  tuok  a  very  important  part  in  the  worlc 
of  the  British  Association  Committee  on  Electrical  Standard^ 
appointed  on  the  snggestaon  of  Sir  William  Thomson  at  the  Maa- 
fhcstcr  meeting  of  18G1,  for  the  purpose  of  promoting  the  pnu'tical 
use  of  Gauss  and  Weber's  system  of  absolute  measurement,  by  which 
lasting  benoGt  has  been  conferred  on  electric  and  magnetic  scienc*. 
Jenkin  was  made  Secretary  of  this  Committee  ;  and,  in  conjonction 
with  Professor  Clerk  Maxwell,  carried  out  the  most  important  of  the 
csperimonts  instituted  by  the  Committee. 

Through  having  been  so  intimately  concerned  in  the  beginnings  of 
ocean  telegraphy,  Jenkin  became  associated  with  Sir  William  Thomson 
and  Mr.  C.  F.  Varley  in  the  development  of  the  instruments  by  which 
the  transmission  of  messages  over  long  submarine  cables  was  for  the 
first  time  made  practicable.  During  later  years  he  and  Sir  William 
Thomson  acted  iis  joint  engineers  for  varioas  cable  companies,  their 
latest  work  in  that  capacity  being  the  Atlantic  and  other  cables  of  the 
Commercial  Cable  Company. 

For  the  last  two  years  he  was  much  occupied  with  a  new  mode  of 
electric  locomotion,  a  very  i-emarkuble  invention  of  bis  own,  to  which 
he  gave  the  name  of  "Telpherage."  He  persevered  with  endless 
ingenuity  in  carrying  out  the  numerous  and  difficult  mechanical 
arrangemcatB  essential  to  the  project,  up  to  the  very  last  days  of  his 
■work  in  life.  He  had  completed  almost  every  detail  of  the  realisa- 
tion of  the  system  which  was  recently  opened  for  practical  working 
at  Giyiiilo,  in  Sussex,  four  months  after  his  death. 

His  book  on  "Magnetism  and  Electricity,"  published  as  one  of 
Longman's  elementary  series  in  1873,  marked  a  new  departure  in  the 
exposition  of  electricity,  as  the  lirst  text-book  containing  a  systematic 
application  of  the  q^uantitative  methods  inangnrated  by  the  British 
jlssociation  Committee  on  E.\cctT\ca\  '6\a.vi4'\tia.    In  1883  the  seventh 


in 

edition  was  pnblisbed,  after  there  had  already  appeared  two  foreign 
editions,  one  in  Italian  and  the  other  in  German. 

His  papers  on  purely  engineering  subjects,  thongb  not  nnmerons, 
are  interesting  and  valnable.  Amongst  these  may  be  mentioned  the 
article  "  Bridges,"  written  by  him  for  the  ninth  edition  of  the  "  En- 
cyclopaBdia  Britannica,"  and  afterwards  republished  as  a  separate 
treatise  in  1876;  and  a  paper  **0n  the  Practical  Application  of 
Reciprocal  Figures  to  the  Calculation  of  Strains  in  Framework,"  read 
before  the  Royal  Society  of  Edinburgh,  and  published  in  the  "  Trans- 
actions "  of  that  Society  in  1869.  But  perhaps  the  most  important  of  all 
is  his  paper  "  On  the  Application  of  Graphic  Methods  to  the  Determi- 
nation of  the  Eflficiency  of  Machinery,"  read  before  the  Royal  Society 
of  Edinburgh,  and  published  in  the  "  Transactions,"  vol.  xxviii  (1876- 
78),  for  which  he  was  awarded  the  Keith  Gold  Medal.  This  paper 
was  a  continuation  of  the  subject  treated  in  "  Reulaux*s  Mechanism," 
and,  recognising  the  value  of  that  work,  supplied  the  elements  re- 
quired to  constitute  from  Reulaux's  kinematic  system  a  full  machine 
receiving  energy  and  doing  work. 

Professor  Jenkin*s  activity  was  not,  however,  confined  to  purely 
scientific  pursuits.  The  very  important  practical  subject  of  healthy 
houses  largely  engaged  his  attention  during  the  last  eight  or  ten  years 
of  his  life,  and  he  succeeded  so  well  in  impressing  its  importance  on 
public  opinion,  that  he  obtained  the  establishment  in  many  large 
towns  of  Sanitary  Protection  Associations.  Ho  also  took  great  interest 
in  technical  education,  and  was  always  ready  in  word  and  deed  to 
aid  in  its  promotion.  His  literary  abilities  were  of  no  mean  order, 
and  as  a  critic  he  made  several  marked  successes,  among  which  his 
reviews  of  Darwin's  **  Origin  of  Species  "  and  of  Munro's  "  Lucretius  " 
(the  atomic  theory)  may  be  referred  to  as  of  high  scientific  merit. 

He  was  elected  a  Fellow  of  this  Society  in  1865 ;  he  was  also  a 
Vice-President  of  the  Royal  Society  of  Edinburgh,  a  Member  of  the 
Institution  of  Civil  Engineers,  and  of  the  Institution  of  Mechanical 
Engineers,  and  in  1883  he  received  the  honorary  degree  of  LL.D  from 
the  University  of  Glasgow.  He  died  on  the  12th  of  June,  1885,  after 
a  few  days'  illness,  due  to  a  slight  surgical  operation.  W.  T. 

F.  G.  J.  Henlb.  Of  the  great  anatomists  and  physiologists  whose 
discoveries  made  the  middle  of  the  present  century  a  never-to-be- 
forgotten  epoch  in  the  history  of  biology,  one  of  the  greatest  died 
on  the  13th  of  last  May  at  Gottingen.  Frederick  Gusfavus  Jacob 
Henle  was,  in  the  earlier  years  of  his  career,  the  most  distinguished 
of  living  pathologists,  and,  indeed,  founded  the  Science  of  Pathology 
as  we  now  understand  it.  The  "Manual  of  Rational  Pathology," 
published  in  1846,  was  the  first  important  work  in  which  the  observed 
clinical  and  anatomical  facts  of  disease  yrete  c\««sv^^^  wA  \s'c55r^^5go^. 


logiither  into  a,  Bj-stem,  based  on  their  pbyaiulogical  rolutions,  Hf  Iiad 
already  prepared  the  way  for  his  reform  of  Puthnlggy  by  his  larger 
work  on  Generul  Anatomy,  in  which  hi.',  for  the  first  time,  distin- 
guished the  tissnea  which  make  up  the  frtimeworlt  of  tlio  body  from 
eacti  otiier,  according  to  their  chemical  and  anaturaical  charactera, 
availing  himself,  as  regai-ds  the  latter,  of  the  new  light  which  tha 
discoTeiieB  of  Si'hwann  had  thrown  npon  the  natnre  of  animal  and 
plant  organisation,  and  of  the  methods  of  investi^tion  rendered  poa< 
sibie  by  the  sudden  advance  which  had  taken  place  in  the  cocstrac- 
tinn  of  the  microscope. 

As  a  pithologist,  Ilenle  soon  relinquished  the  lend  he  had  at  firxt 
taken  to  Virchow,    who,  by  his  personal  work  or  by  that   of   his    J 
pupils,  1ms  Fiince  retained  it.     As  years  went  on,  Henle  became  mors 
and  more  a  descriptive  anatomist  and  histologist.     The  pnbtic^ation  of    , 
thu  greatest  work  of  his  incredibly  laborious  life,  the  "  Uandbuch  der     I 
Systematise  hen  Anatomic  dea  Ment^chen.,"  bc'gnn  in  1855,     In  it  the    '■ 
student  was  farniBhcd  with  an  anatomical  description  of  the  hnman  j 
body,  which,  at  the  time,  swpaased  all  others — not  even  esceptinjf'^ 
Dr.  Shilrpoy's  editiim  of  Qniiin's  Anntomy— in  Ihe  qiiantily  of  iiifor- 
miition,  new  and  old,  it  contained,  in  the  abundance  and  excellence  of 
the  illustrations  ;   and   it  was  not   less  remarkable  for  the  clearness  oE 
th(^  author's  style,  and  the  power  which  he  possessed  of  so  presenting 
the  forms  and  anatomical  relations  of  the  organs  or  parts  described, 
as  to  leave  behind  a  vivid  picture  in  the  imagination  of  the  reader — 
for  Henle's  descriptions  are  so  I'eal  and  true  to  nature,  that  in  reading 
them  Olio  seems  to  have  seen  what  is  described. 

Any  one  of  the  three  great  works  which  have  been  mentioned  woold 
have  been  sufficient  to  entitle  its  author  to  a  permanent  position 
among  the  founders  of  modern  medical  science.  Taken  together  they 
ailord  good  ground  for  assigning  to  Henle  a  place  scarcely  inferior  to 
that  of  his  master,  Johannes  Muller,  or  of  his  contemporary,  Theodora 
Schwann. 

Henle  began  his  career  aa  an  anatomical  investigator  by  spending 
the  year  which  intervened  between  his  examination  for  the  doctorate 
and  the  taking  of  his  degi-ee  in  the  preparation  of  his  thesis  on  tlio 
Aiintomy  of  the  Eye,  and  in  other  anatomical  researches,  of  which 
the  fruits  appeflrod  later,  and  which  he  undertook,  under  the  dire< 
tiou  and  with  the  co-operation  of  J.  Miiller,  who  was  still  at  \ioni 
When  Miiller,  a  year  later,  was  called  to  the  University  of  Berlii 
Henle  became  his  PrLiscctor.  He  held  this  office  for  six  years,  durin 
wbieb  he  was  asHociatcd  with  Miiller  in  his  multifanons  professori; 
duties;  these  comprising,  according  to  the  cnatora  of  the  time,  m 
only  the  teaching  of  anatomy  and  physiology,  but  also  pathology  and 
patlio'ogical  analomj.  It  wb.8  for  Henle  a  time  of  extraordinary 
activity.     During  liis  lenave  ot  ftnaVtosaAo-riw^V^  ^^^UUhed  three 


anatomical  monographs  on  previonslj  nndescribed  species  of  animals 
(Narcine,  Broncbiobdolla,  Enchytroeas),  one  or  two  contribations  to 
descriptive  baman  anatomy,  and  (in  addition  to  the  Latin  dissertation 
already  referred  to)  four  of  those  investigations  into  the  minute  struc- 
ture of  the  animal  body,  which  afford  the  best  justification  for 
placing  him,  as  we  have  done,  side  by  side  with  Theodore  Schwann, 
as  one  of  the  founders  of  the  Science  of  Histology — ^namely,  the  Essay 
on  the  Structure  of  the  Lacteal  System,  which  served  for  his  "  Habi- 
litation  "  Thesis,  and  three  other  papers  on  the  Distribution  of  the 
Epithelium  in  the  Human  Body,  on  the  Formation  of  Mucus  and  Pus, 
and  on  the  Structure  and  Development  of  Human  Hair. 

In  1840,  when  Henle  was  thirty  years  old,  he  received  a  call  to  the 
Chair  of  Anatomy  at  Ziirich,  where  he  remained  until,  in  1844,  he 
became  the  colleague  of  Tiedemann,  at  Heidelberg.  The  year  after 
his  Zurich  appointment  he  published  his  '*  General  Anatomy,"  already 
referred  to ;  and  about  the  same  time,  in  co-operation  with  Professor 
J.  Miiller,  he  published  a  zoological  work  on  Sharks  and  Rays,  for 
which  the  collection  of  the  British  Museum  afforded  pai*t,  at  all 
events,  of  the  material. 

In  Heidelberg,  Henle,  like  Miiller,  taught  both  anatomy  and  physi- 
ology, as  well  as  pathology.  Almost  immediately  after  his  settlement 
in  that  university,  he  began  with  Pfeiffer,  who  had  accompanied  him 
from  Ziirich,  the  "  Zeitschrift  fiir  rationelle  Medicin,"  which,  after 
sharing  the  first  place  with  "  Virchow*s  Archiv"  in  medical  periodical 
literature  for  a  quarter  of  a  century,  gave  place  to  the  new  order  in 
1872.  During  the  last  sixteen  years  of  its  existence  the  Journal  was 
enriched  by  the  publication  in  it  of  Henle*s  own  annual  account  of 
the  progress  of  anatomical  and  physiolof^ical  science — a  fact  which, 
irrespectively  of  its  other  contents,  will  give  its  fifty-four  volumes  a 
permanent  place  in  medical  literature.  As  all  who  were  then  engaged 
in  the  study  of  biology  know,  Henle's  **  Berichte  *'  had  no  analogy  to 
the  half  reliable  and  unappreciative  abstracts  which  the  enormous 
growth  of  periodical  literature  have  now  made  a  necessary  evil.  They 
consisted  rather  of  records  by  a  master  hand  of  all  that  was  worthy 
of  being  remembered,  and  critical  reviews  of  all  that  was  worthy  of 
being  discussed  in  its  bearing  on  the  development  of  the  branches  of 
science  to  which  they  related.  So  that  whoever  undertakes  the  Her- 
culean task  of  writing  the  history  of  that  time  of  rapid  progress  in 
biology  which  began  about  the  time  of  Henle's  removal  from  Berlin  to 
Ziirich,  will  find  the  chief  events  of  those  thirty  years  continuously 
chronicled  (first  in  "  Miiller*s  Archiv,"  then  in  "  Canstalt's  Jahres- 
berichte,"  and  finally,  as  above  stated,  in  the  "  Zeitschrift  **)  by  one 
who  himself  took  a  prominent  part  in  them. 

In  1852  Henle  was  called  from  Heidelberg  to  Gottingen,  and  it  was 
here  that  the  chief  work  of  his  life,  the  pre]paWbt\OTL  cA.\.>aftX^«eiSstv^^^ 


Anatomy,  wa.^  acconipliahed,  It  resembles  tho  conlemporaiy  edition 
of  Qtiaiu  and  Sharpey  iu  incilnding  botii  general  and  special  anatomy, 
•nd  in  t!ie  way  in  wbicli  the  illnstrations  are  interwaven  witli  tite 
text;  bat  exceeded  it  in  their  numbei'  and  quantity.  To  the  moet 
difficnlt  part  of  descriptive  anatomy,  that  which  relates  to  the  central 
organa  of  the  nervous  system  and  to  the  viscera,  Henle  devoted  many 
years  of  labour,  and  produced  a  result  which  had  never  before  beeit 
Approaehed.  The  magiium  opus  was  brougbt  to  a  conclusion  in  18fit, 
but  inasmuch  as  by  the  time  the  first  editiou  was  completed,  the  third 
waa  already  in  progresB,  it  continued  to  the  end  to  be  an  increasing 
occupation,  the  labour  of  which  was  farther  enhanced  by  the  obliga- 
tion to  which  the  requirements  of  medical  education  forced  upon  hiw, 
of  publbhing  a  test-book  and  copious  atlas  for  students — a  com- 
pendium of  tho  larger  work. 

The  "  Handbook  "  did  not  of  course  profess  to  contain  a  record  of 
researches.  It  was  in  ita  end  and  consti-uction  a  systecQ.  But  daring 
the  whole  course  of  its  publication,  the  author  was  continuously 
t  engaged  in  the  work  of  iavestJgation.  The  research  on  the  anatomy 
of  the  kidneys,  in  cnnneJtion  with  which  subject  his  name  is  most 
kmiliar  to  English  students  of  medicine,  appeared  in  1862  in  tho 
'ransactions  of  the  Gottitigen  Academy;  those  on  the  histology  of 
ae  central  nervous  system  in  18t)7-68.  More  recently  he  published 
tvo  important  researches  on  bis  old  subject,  the  minute  anatomy  of 
be  eye  (1878  and  1882)  ;  and  finally  in  November,  1884,  his  last 
anatomical  research,  "Das  Wachsthum  dcs  Meuschlicheu  Nagel  und 
des  Pferdehufes." 

To  judge  of  Henle  as  a  pathologist,  reference  must  be  made  to  his 
systematic  work  on  that  subject  ali-eady  mentioned,  the  fundamental 
idea  of  which  is,  that  disease  consists  esseutially  in  the  reaction  of 
the  living  material  against  "  abnormal  external  action,"  and  that  tho 
nature  of  this  reaction  differs  in  no  respect,  excepting  the  circom- 
stances  under  which  it  is  evoked  or  induced,  from  those  which  exhibit 
themselves  in  the  healtby  body  in  its  relation  to  its  normal  environ- 
ment, so  that,  as  Henle  expressed  it,  "  physiology  and  pathology  are 
branches  of  the  same  science."  The  notion  expressed  in  these  words, 
incontrovertible  ns  it  may  appear  now,  was  opposed  to  the  teaching 
of  the  time,  which  in  physiology  preferred  to  inquire  into  the  purpose 
rather  than  the  cause  of  vital  phenomena,  and  resented  as  a  desecra- 
tion every  attempt  to  i«for  them  to  chemical  or  physical  actions;  and 
in  pathology  spoke  of  diseases  as  if  they  were  mischievous  personalities 
whose  intentions  it  wa?  the  business  of  the  physician  to  aid  the 
"  Schiitzender  Goist"  in  discovering  and  frustrating.  Against  all 
such  notions  Henle  made  uncompromising  war,  by  showing  even 
with  the  imperfect  knowledge  and  means  possessed  is  1840,  that  it 
was   possible  to  dlacovet  the  ca.Q%ea  d^  toslyi.^  i^aaa&ea^  not  in  intestine 


vu 

strivings  V>etween  rival  destructive  and  preservative  tendencies  sup- 
posed to  be  resident  in  the  body  itself,  bat  in  the  existence  in  its 
environment  of  elements  injurious  to  its  welfare. 

At  an  earlier  period,  the  absence  of  physical  and  chemical  know- 
ledge would  have  rendered  the  success  of  any  such  attempt  impossible. 
As  it  was  it  was  imperfect,  and  was  recognised  as  such  by  its  author ; 
but  it  was  so  unquestionably  the  beginning  of  that  rapid  development, 
by  which,  under  the  influence  of  Virchow  and  his  pupils,  what  we 
now  recognise  as  the  science  of  pathology  has  come  into  existence, 
that  of  this  science  Henle  must  be  regarded  as  the  founder. 

In  certain  directions,  indeed^  Henle  was  in  advance  of  his  successors. 
If,  for  example,  we  take  the  opening  chapter  of  the  "  Untersuchungen," 
which  deals  with  the  etiology  of  contagious  diseases,  we  find  in  it  a 
most  remarkable  anticipation  of  the  discoveries  in  this  field  of  inquiry 
of  the  last  fifteen  years.  He  sets  forth  in  the  clearest  language  that 
the  material  of  contagium  must  necessarily  be  not  only  organic  but 
living  and  organised,  and  that  it  must  consist  of  "  parasitical  beings 
which  are  certainly  among  the  lowliest,  smallest,  but  at  the  same 
time  most  productive  which  are  known." 

The  consideration  of  the  reasoning  which  led  Henle  to  this  con- 
clusion, affords  a  striking  illustration  of  the  way  in  which  discoveries 
made  in  other  departments  of  natural  science  influence  medicine. 
Henle's  grounds  were*  (1)  the  evidence  of  experiments  that  contagion 
acts  in  infinitesimal  quantities,  and  must  therefore  bo  self-multiplying ; 
(2)  the  proof  then  shortly  before  given  by  Schwann  that  the  analogous 
processes  of  fermentation  and  putrefaction  are  dependent  on  minute 
organisms ;  (3)  the  proof  recently  given  by  Bassett  Audouin  that  the 
muscardin  of  silkworms,  a  disease  communicable  through  the  air, 
was  due  to  a  contagium  vivum  ;  and  finally  (4),  the  considemtion  that 
the  development  of  contagious  diseases  could  be  best  explained  by 
attributing  them  to  a  living  cause. 

That  Henle  did  not  himself  follow  these  indications  may  probably 
be  attributed  to  his  being  engrossed  by  other  researches.  It  seems  at 
first  sight  difficult  to  account  for  the  fact  that  the  seed  sown  by  him 
did  not  fructify  in  the  minds  of  some  of  his  readers ;  for  when  in 
1868  the  investigations  of  Chauveau  again  brought  the  subject  of 
contagivm  mvum  to  the  front,  it  was  approached  from  an  entirely 
different  point  of  view. 

A  sketch  must  be  given,  in  conclusion,  of  the  views  which  Henle 
entertained  and  taught  as  to  the  psychological  side  of  biology. 
Mention  has  already  been  made  of  his  having  lectured  at  Heidelberg 
ou  anthropology.     These  lectures  were  given  to  a  mixed  academical 

•  See  his  "  Pathologische  Untersuchungen/*  Berlin,  1840,  pp.  17—20,  and 
86 — 41.  The  publication  of  this  work  was  preparatory  to  that  of  the  "  Rationelle 
Pathologie." 


andieiice  in  1847-52,  ami  pnblisted  thirty  years  afterwards  nnder 
tlie  title  of  "  Anthropologische  Vortnige."  That  they  dealt  with  ' 
subjects  very  far  apart  from  what  we  now  nnderstftod  by  aiithro-  I 
pology  may  he  gathered  from  the  titles — Faith  and  Mtiterialiam  i  ' 
Taste  and  Conaciencej  The  Physiology  of  Emotion;  The  Will; 
Teleology  and  Darwiuism ;  Medical  and  Religious  Dadiam ;  ie.  | 
Among  the  most  interesting  are  the  two  last  enamei-at«d.  Like  I 
many  other  biologist*  of  the  former  generation,  Henle,  while  cordially 
flocepting  the  doctrine  of  descent^  strennoosly  opfiosed  the  monistic 
view,  which  in  the  minds  of  most  persona  is  ftS80ciaf<id  with  it,  and 
which  refuses  to  find  anything  in  the  phenomena  of  life  which  cannot 
be  accounted  for  aa  resnlling  from  the  play  of  the  molecnlar  forces  of 
the  chemical  elements  which  take  pnrt  in  them.  He  regarded  the 
organism,  whetiier  plant  or  animal,  not  as  the  inevitable  product  of 
the  conditions  under  which  it  originated  and  was  developed,  but  as 
having  independent  powers  of  ite  own,  which  the  environment  is 
capable  of  modifying  or  even  controlling,  bnt  not  of  originating.  The 
'  constancy  aa  well  as  the  Tariability  of  organio  Btraclure,  he  said,  ua 
alike  maniffstations  of  the  existence  of  an  afjpnt  attjiehei!  to  matter, 
hut  not  material,  and  endowed  with  the  function  of  "  presiding  over 
th"  metabolism  of  the  body  capable  of  reproducing  the  typical  form, 
and  of  endless  partition  without  diminution  of  intensity,"  in  a  way 
which  has  no  counterpart  in  the  inorganic  world.  It  is  this  infinity 
of  the  faculty  which  the  organism  possesses  of  "making  the  material 
which  composes  it  its  own,  and  impressing  upon  it  its  stamp,"  which 
separates  it  from  the  recognised  forces  of  inorganic  nature.  Every 
kind  of  organism  has  its  "  riiamlichea  "  as  well  as  its  "zeitliches 
Ziel,""  which  serves  as  the  law  of  its  existence,  and  the  fulfilment  of 
which  in  no  way  interferes  with  its  taking  its  legitimate  part  in  the 
order  of  nature.  J.  B.  S. 

Thomas  Davidson,  LL.D.,  whose  death  took  place  at  his  residence 
in  Brighton  on  Wednesday,  October  I4th,  was  bom  in  Edinburgh, 
May  17th,  1817;  his  ancestral  home  being  at  Mnir  House,  neai' 
Edinburgh.  Mr.  Davidson's  family  possessed  considerable  landed 
pi-operty  in  the  county  of  Midlothian. 

At  the  early  ago  of  six  years  be  was  taken  to  the  Continent  and 
entirely  educated  in  France,  Italy,  and  Switzerland  under  the  tuition 
of  French  and  Italian  masters.  Even  at  eleven  years  oE  age  bo 
exhibited  a  marked  predilection  for  natural  history,  as  well  as  the 
line  arts,  especially  painting,  and  every  facility  was  afforded  him  to 
secni-c  the  gi-eat  advantage  which  Paris  then  offered  to  the  artistic 
and  Gi-ientifii'  student. 


IX 

Young  Mr.  Davidson  attended  the  courses  of  lectures  delivered  at  the 
Sorbonne,  Jardin  des  Plants,  £colo  des  Mines,  and  College  de  France. 
These  courses  were  given  bj  Cordier,  Elie  de  Beaumont,  Constant 
Prevost,  Dufrenoy,  Gooffi-oy  Saint  Hilaire,  Dumeril,  Valenceinnes, 
de  Blainville,  Milne  Edwards,  Audouin,  Brongniart,  Pouillet,  <&c. 

In  1832  Sir  Charles  LyelFs  "  Principles  of  Geology,"  and  his 
intimacy  with  Constant  Prevost,  led  him  to  give  much  attention  to 
geology  and  palaBontology,  and  at  fifteen  years  of  age  he  had  already, 
under  the  guidance  of  Prevost,  explored  the  gi-eater  part  of  the  Paris 
basin,  securing  a  good  collection  of  its  rocks  and  typical  fossils. 

In  1835  he  matriculated  at  the  University  of  Edinburgh,  studied 
mineralogy  under  Professor  Jamieson,  chemistry  under  Dr.  Bicid,  and 
assisted  Mr.  R.  Cunningham  in  his  geological  survey  of  the  Lothians. 

In  1836  he  returned  to  the  Continent  and  ezploi-ed  a  considerable 
portion  of  France,  Belgium,  Switzerland,  Germany,  and  Italy ;  his 
acquaintance  in  1837  with  the  distinguished  Prussian  geologist,  Von 
Buch,  led  to  his  undertaking  the  special  study  of  the  then  little 
understood  recent  and  fossil  Brachiopoda,  the  elaboration  of  which 
or  any  other  group  of  Mollusca  has  never  been  surpassed ;  the  elucida- 
tion of  their  characters,  classification,  and  history,  as  well  as  of  their 
geological  and  geographical  distribution,  being  now  complete  through 
his  labours.  From  that  year  up  to  a  short  period  prior  to  his  death, 
Mr.  Davidson  unceasingly  laboured  to  advance  this  special  branch  of 
Palaeontology. 

For  some  years  Mr.  Davidson  was  an  attentive  and  distinguished 
pupil  of  Paul  Delaroche,  and  studied  under  Horace  Vemet  and  other 
French  Academicians  at  the  Ecole  des  Beaux  Arts.  He  spent  the 
winter  of  1841  in  Rome,  devoting  himself  to  the  art  of  painting,  bat 
his  love  for  scientific  research  predominated,  and  ho  subsequently 
brought  his  artistic  knowledge  to  bear  upon  his  favourite  scientific 
branch  of  study. 

In  1846-47  Mi\  Davidson  made  a  careful  examination  of  the 
Silurian  districts  for  the  purpose  of  his  palffiontological  researches, 
and  in  1850  he  commenced  that  grand  series  of  memoirs  in  the 
"  PalflBontographical  Society's  Transactions,"  which  mainly  terminated 
in  1871  (extensive  supplements  following).  This  distinguished  natu- 
ralist has  published  or  written  for  the  PalaBontographical  Society  five 
large  quarto  volumes,  containing  nearly  3000  pages  of  text,  and  250 
plates,  all  the  figures  of  which  have  been  executed  by  himself  and  pre- 
sented to  the  Society  free  of  all  expense,  and  this  on  one  subject  only.* 

*  The  monographs  extend  from  the  year  1851  to  the  present  time,  the  final 
portion  of  the  fifth  volume  being  now  in  the  press,  and  completing  his  great  and 
laborious  Ufe-work.      His  posthumous  papers  will   shortly   be  published  in  the 
"  Transactions  of  the  Linnoan  Society,"  his  last  contributioiv  b«>vxi^^^'i^\&i:^<iNA^sD^ 
finely  illustrated  monograph  upon  the  "  Hecent  "BTOc\\\o^podL«^J*  vtv  V>Ktfc^  ^"m?^- 


Ml-.  Davidson  prepared  tlie  arlicW  Brachiopoda  for  tlie  "  Encydopedi* 
Britannica,"  and  has  monographed  the  entire  series  of  Bi-achiopodfl 
collected  during  the  exfiloration  of  H.M.  ship  "  Challenger." 

Thirty  yeard  hare  passed  siiico  the  publication  of  lue  general  intro- 
duction to  the  first  volumi-  of  his  eitonsiTe  monographs,  and  well 
may  it  be  said  that  seldom  has  fortune  more  completely  equipped  a 
student  f(>r  his  life-work  than  in  the  present  case,  i[i  whieh  more  than 
ordinary  artistic   talent,  liberal  education,  and   independent  means 
were  joined  to  unsorpassed  devotion   in  the  pni-snit  of  knowledge, 
with  just  impartiality  in  the  recognition  of  the  labours  of  others  in    | 
the  same  field  of    reBoarch.      Mr.    Davidson  was  one    of   the    most    i 
unselfiah  of  men,  ready  to  aid  all  who  worked  and  sought  his  adrjce    i 
ajid  opinion   upon  the  intriencios  of  the  intimate  stractoi-e  of  the 
Braehiopoda.      Fen  more  enthusiastic   stodents  ever  enriched    the 
pages  of  scientifie  literature,  or  probably  committed  fewer  erroi-s  in 
the  description  and  delineation  of  the  voluminous  nuias  of  aperies 
that  enrich  the  3000  pages  and  2.>0  plates  left  as  a  lasting  memorial    i 
of  indnstry  and  learning.     Unhappily  Mr.  Diividson  has  not  lived  to 
see  the  proofs  of  his  final  monogi-apli  on  the  recent  species  of  Bi-a- 
cbiopoda  about  to  be  iasned  by  the  Linnean  Society," 

Beyond  the  monographs  in  the  p^lieontognvphical  volumes,  most  of 
Mr.  Davidson's  investigations  have  been  published  in  the  "Quarterly 
Journal  of  the  Geological  Society,"  the  "Bulletin  de  la  Society' 
Geologique  de  France,"  tlie  "Annals  and  Magazine  of  Natural  His- 
tory," the  "Geological  Magazine,"  "Proceedings"  of  the  Linnenn 
Society  of  Nornianily  and  of  the  Zoological  Society  of  London, 
"Transactions"  of  the  Geological  S<x;iety  of  Gla.<igow  and  of  the 
Royal  Society  of  Liege. 

In  1880  Mr.  Davidson  was  deputed  by  the  President  and  Council  of 
the  Geological  Society  of  London  to  represent  the  Society  at  the 
celebration  of  the  fiftieth  Anniversary  of  the  foundation  of  the  French 
Geological  Society  ;  he  was  received  in  Paris  with  great  distinction. 
The  Councils  of  the  Royal  Society  of  London,  the  Linnean  Society, 
the  Zoological  Society,  the  Royal  Society  of  Edinburgh,  the  Geological 
Society  of  Edinburgh,  the  Geological  Society  of  Glasgow,  the  Royal 
Academy  of  Ii-eland,  the  Royal  Geological  Society  of  Ireland,  and 
the  Palieont-olc^icid  Society  of  London  all  commissioned  Mr.  Davidson 

*  Lvse  timn  imc-Ujinl  ul  tlit'  ki)ottii  f\»-v\ei  (1000)  uf  ilnichiai)..du  HUrc  unknown 
when  Mr.  Duriilaon  piiblialicil  iLc  inlivdui-tiuii  to  liia  ^Teut  uork  in  IhSO.  Tu  [tii> 
voluiiio  tlie  lati;  Dr.  W.  B,  Curpiiter  uppi-ndud  an  daboral,'  di-seriptioti  of  th.- 
"  IntiiuHle  Stnit-ture  of  tlit  Stiellii  of  Bnk.-liio|)oda,"  and  -Sir  RU'hard  Owen  u  learned 
Cuntributiun  on  the  "  Aiiulonij  ol  Ti'rebrul  uIh  "  Tlie  miiiibcr  of  British  spriios, 
which  in   1850  t-omiffiBCil  13  geneni  nnd  450  syievKi,  liurc  now  cipaniied   to   74 

gfncra  and  1000  apecics  rM  vu^'\e'■^1.■ft,^^vl^«c  tc-H\.\s  (wiu^  almost  oiilirolj-  due  (o  tin- 

researc'ies'  nf  Mr.  PavidBow, 


to  felicitate  the  Council  of  the  Geological  Society  of  France  on  its 
prosperous  condition  on  attaining  its  fiftieth  Anniversary. 

Mr.  Davidson  was  member  or  honorary  member  of  most  of  the  dis- 
tinguished societies  of  Europe  and  America.  He  was  elected  Fellow 
of  the  Royal  Society  in  1857,  was  Fellow  of  the  Linnean  Society, 
the  Geological  Societies  of  London,  France,  Edinburgh,  and  Glasgow, 
Vice-President  of  the  PalsBontographical  Society,  Member  fitranger 
de  rinstitute  des  Provinces,  Prance,  and  Linnean  Society  of  Nor- 
mandy, the  Imperial  Society  of  Naturalists  of  Moscow,  Imperial 
Mineralogical  Society  of  St.  Petersburgh,  Member  of  the  Royal 
Academics  of  Belgium  and  Bavaria,  Societe  Royale  Hollandaise  des 
Sciences,  Haarlem,  Royal  Society  of  Liege,  Academy  of  St.  Louis, 
the  American  Philosophical  Society,  Philadelphia,  PalsBontological 
Societies  of  Belgium  and  Switzerland,  the  Zoological  Society  of 
Vienna,  and  many  of  the  local  societies  of  Britain. 

In  December,  1870,  he  was  awarded  one  of  the  Royal  medals  in 
recognition  of  his  valuable  coutributions  to  paladontology. 

In  July,  1865,  he  received  from  the  Council  of  the  Geological 
Society  the  Wollaston  medal,  its  highest  award  for  distinguished 
merit. 

In  1882  the  University  of  St.  Andrews  conferred  on  him  the 
honorary  degree  of  LL.D. 

The  Free  Library  and  Museum  at  Brighton  chiefly  owed  its  founda- 
tion and  success  to  Mr.  Davidson's  energy  and  perseverance.  He 
was  permanent  chairman  of  the  Museum  Committee  at  the  time  of 
his  death.  Mr.  Davidson  has  generously  bequeathed  to  the  nation 
liis  magnificent  and  unique  collection  of  recent  and  fossil  Brachiopoda 
largely  enriched  with  types,  together  with  his  fine  collection  of  books 
and  original  drawings.  These  will  all  be  preserved  in  the  Depart- 
ment of  Palaeontology  in  the  British  Museum  of  Natural  History, 
Cromwell  Road,  South  Kensington.  R.  E. 
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